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TAG Forges Ahead In 1937 With 


Notable Progress In Instrumentation! 


Because of the contributions TAG has made in automatic control, practically every 
process industry operates more effectively today, with greater precision and less 
waste. More than 160 years of thermometer making live behind the TAGliabue name. 
Nearly half a century of service to industry sponsors its scores of indicating, recording 
and controlling instruments for temperature, pressure, flow and level. 

These traditions and achievements in the past serve only as a spur for the future in 
anticipating and meeting industry's needs for increasingly effective instrumentation 
. . . For, more than ever before, American Industry today is a vast reservoir of un- 
filled wants in the making of profitable products and the manufacture of economical 
equipment and machines. As a primary function of all instrumentation, TAG recog- 
nizes this national opportunity and has geared its thinking, research and resourceful 

||ABUE development energies to meet it. 
gy Ayy We hope to merit, each month, your sustained interest in this page where we will 
show through 1937 the accredited and proved results of TAG's many new develop- 
ments in the important phases of industrial instrumentation. 


GROBALYN 
mY. USA 

















\ (SION MORE THAN DOUBLED 


—for thermometers in your plant 


New Taylor Development in Tubing 


gives Thermometers two to five times 


Industrial executives prove 
amazing advantages of Taylor 
“BINOC” Tubing by test shown 


on opposite page. 


ERE’S a new idea in thermome- 
ter tubing. 

Here’s a radically different tubing 
in construction and results — an opti- 
cally correct thermometer tubing. 
And what a difference it makes in 
readability and visibility!!! 

Probably never before have you 
realized the narrow angle of vision... 
the limited visibility of other ther- 
mometers now in use. 

NEW TAYLOR “BINOC” TUBING 
DOUBLES THE ANGLE OF VISION 
THROUGH WHICH YOU CAN MAKE 
THERMOMETER READINGS. AND 
DOES IT WITHOUT SACRIFICING 
HIGH MAGNIFICATION. IT IN- 
CREASES THE VISIBILITY OF 
THERMOMETERS FROM TWO TO 
FIVE TIMES. IT GIVES YOU BIN- 
a VISION FOR THE FIRST 


Add another important feature. 


qr 


INDUSTRIAL 
THERMOMETERS 


with BINOC” tubing 


REG. U. S. PAT. OFF 


greater visibility 


Taylor “‘Binoec’’ Tubing eliminates 
bore reflection. Important to accu- 
racy? You know that as well as we. 
There is a clear, definite contrast be- 
tween the empty and the mercury- 
filled portions of the bore. 

Naturally we are enthusiastic about 
this remarkablenew development. But 
so are the plant executives, engineers, 
superintendents and equipment pur- 
chasers who have seen “ BINOC.” 
Editors of leading industrial maga- 
zines call it the greatest thing they’ve 
ever seen in thermometer tubing. 


ELLER LUTE ATER SEERA REE 


ena RN A A 8 NS ERAN HS 


On the opposite page is a small in- 
strument that a Taylor Representa- 
tive will gladly bring to your plant 
so that you yourself can compare 
the present type lens tubing with 
“BINOC” Triple-lens Tubing. The 
test is simple. But it is very convinc- 
ing. It shows what this advertisement 
has been talking about. A Taylor 
Representative will present the com- 
plete story. If you want quick action, 
write direct to Taylor Instrument 
Companies, Rochester, N.Y., or Tor- 
onto, Canada. 





TEST “BINOC”’ IN YOUR OWN THERMOMETER 


BE ONE of the first to get this New Taylor 
Engineer’s Pocket Test Thermometer 
with “BINOC” Tubing. It is offered to 
you to make your own easy-reading tests. 


TAYLOR INSTRUMENT COMPANIES, 


Dept. H-5, Industrial Sales, Rochester, N. Y. 
I want to see “BINOC” Tubing. I enclose check for the Engineer's 
Pocket Test Thermometers (with protective case). 
0 WITH RANGE -30° to 120° F.—$1.25 EACH 
WITH RANGE 0°to 


CHECK HERE 


NAME 


You'll find it convenient to use in scores 
of places. Range; 0° to 220° F. or —30° to 
120° F. Fill out coupon and order the range 
you want. Send check or money order. 


220° F.—$1.50 EACH 
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IN THIS rss UE 


\. G. Moon concludes his disclosures 
of “how we do it” by describing in detail 
how instrument service men are selected 
ind trained at his plant (the name of 
vhich must remain secret see editor’s 
note in last issue). 


[his is the FOURTH article we have 
printed on training instrument men for 
industry. The preceding ones were: 
|. Roy W. Brown (Firestone) Feb., 
1932; 

2. G. P. Bosomworth (Firestone) Nov., 
1935 ; 

3. R. C. Kennan (Brown Instrument 
Co.) Apr., 1936. 

There will be more in Instruments and 
we fervently hope that other industrial 
publications will follow our lead, each 
promoting the training of men for its 
particular field. 


Ralph Batcher’s treatment of radio 
testing applications of cathode-ray tubes 
is so comprehensive that we print only 
. few selected portions of it—portions 
of interest to all our readers. 


Our “Electrical Measurements and 
Control” serial begins its fourth year 
with a continuation of the “Electro- 
magnetic” section of the “Oscillography” 
chapter. At the end of this instalment 
thanks to Perry Borden—there is a 
rather striking “exhibit.” 


rhis month sees the real beginning of 
our “Instrumentation Forum”: the dis 
cussions and solutions of Problem No. 1 
which appeared in November. 


THE FRONT COVER 


is a photograph taken in the new plant 
| Borden’s Farm Products at 90 Third 
A nue, Brooklyn, N. Y. It shows tie 
plate-type continuous milk heat- 
regenerators, and coolers, with the 

el of Taylor recorders and controll 
Not shown in this photo is a Taylor 
rol system which compensates for all 
changes, especially regeneration 
‘ when shifting from one holder to 


ler, 


The “Hardness” Serial and 
its Author 


T may be said that hardness is the most important 

mechanical property and the least measurable, the 

most discussed and the least understood—hence the 
subject of controversies. These we shun. For example, 
three years ago when an article was 
submitted which began: 


Hardness testing machines, commercially avail 
able at present, do not measure hardness . . 


we accepted it but we printed, along 
side, a declaration of neutrality: 

Our opinion is that it’s all a question of defini 
tions: if any body of men proclaims that hardness 
is “the diameter of a ball’s impression,” “the angle 
of pendulum rebound,” “the force to produce a 
given impression” or what not, it is just that 
as far as that body of men is concerned! 


Though neutral, we like — for 
your sake—to print bold interpreta 
tions of facts usually dished out luke 
warm. You will find the new serial 
vivid and authoritative, fascinating 
and informative. You will delight in the intellectual vigor 
of the distinguished author. 

SAMUEL ROBINSON WILLIAMS graduated from Grin 
nell College (Ph.B.’01) and Nebraska University (M.A. 
03), studied two years at the University of Berlin, de 
voted two years to research at the Physikalische Institut 
and at the Reichsanstalt, returned, obtained his Ph.D. at 
Columbia in 1906, and since then has combined physics 
teaching and research. Here is the way he put it in a 
hastily handwritten note: 





.. a lot of fun on the side with what I am pleased to cail research . . . thirty 
years on the subject of magnetism in which field I was constantly bumping 
into the property of hardness . . . [lately] playing with seven different ma 


chines and seeing if I can get sure-to-goodness readings with them. I am 
neither a metallurgist nor an engineer, just a second-rate physicist. . . . 


This tantalizingly modest note did not mention his 
achievements, but these are a matter of record. He dis 
covered the magnetic softening of steel. His publications 
number sixty-four, not counting two forthcoming books. 
His National Research Council work since 1918 has 
made history, and so will his serial, for Williams as a 
physicist has been cutting across the boundaries of metal 
lurgy and mineralogy and seeing the subject of hardness 
from a generalized point of view. In thirty years he has 
not only seen the trees but he has been seeing—-and map- 
ping—the forest as a whole. 
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INSTRUMENTS* READERS AT WCRK 


No. 21 








No. 22 


THOMAS SPOONER, Manager 


PATRICK A. FERGUSON, In Charge of Standards 


Westinghouse Research Laboratories, East Pittsburgh, Pa. 


N No. 1 of this series, just a year 
ago, we introduced Charter Sub 
scriber C. E. Fry and told how 
he and his twenty specially-trained 
calibrators serve all Westinghouse 
plants in the Pittsburgh district. We 
failed to make it clear that “‘The 
2097 Important Instruments” listed 
on that page were related to manu 
facturing, and so we start 1937 by 
introducing the men behind the in 
struments related to Westinghouse 
research. 

Thess 


readers. In 


men, too, are Instruments 
fact, the 
Westinghouse 


Manager of 
the great Research 
Laboratories is a charter subscriber 
to Instruments, a contributor to its 
columns and a member of its Edi 
torial Advisory Board. And the head 
of the Standards Department has 
never missed a single issue, either} 
Therefore, we can go on with the 
Westinghouse instrumentation picture 
without stepping outside of Instru 
ments” “family.” 

Born Jan. 1, 1884 at Whitefield, 
S. Gea from 


Spooner graduated 


LEFT—FERGUSON; RIGHT—SPOONER; 
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By M. F. BEHAR 


Bates College in 1905 and in 1909 
he took his E.E. at M.I.T. That 
same year he joined Westinghouse 
Research—and has contributed to 


its progress ever since, his most 
notable achievements being in mag 
netic measurements, transformer 
losses, and kindred subjects. He has 
enriched technical literature through 
through his 


forty-odd papers and 


well-known book, “Properties and 
Testing of Magnetic Materials.” 
Both the A.I.E.E. and the American 
Physical Society have raised him to 
the grade of Fellow. For many years 
he has been Chairman of the Mag 
netic Properties Committee of the 
A.S.T.M. And yet, at first, he re 
fused to be photographed and writ 
ten up for this page, modestly as 
serting that he no longer manipu 
lated any instruments, being “‘only”’ 
the administrative head of the Lab 
oratories! When, however, we point 


ed to the organization chart which 





SCENE—STANDARDS ROOM 


shows that the Standard epart 
ment (among other “servic ips 

functions directly under h te 
lented, insisting only tha Di 
ture should show Ferguson’s Stand 


ards Room, with Fergus: n the 
center and himself “‘off to side 
Which brings us to Ferguson 
another veteran instrumentician 
born in 1891 at Dunbar, Pa.. }y 
went to work ina Westinghous: plant 
at the age of fifteen. During most ot 
these thirty-one years he has taken 
Westinghouse evening courses. Sinc: 
1914 he has been doing instrument 
standardizing work, and in 1928 h 
laid out the equipped 
Standards Room. The list of instru 


splendidly 


ments on this page gives an idea of 


his responsibilities, which includ 
not only the acceptance-testing and 
servicing of all these instruments 
used in the Research Laboratories, 
but the checking of all secondary 
standards used in all Westinghous: 
manufacturing plants in the Pitts 


burgh district. 
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SERVICE INSTRUMENTS—in hands of staff of 
Research Laboratories: 

Portable a-c.—95 ammeters, 10 milliammeters 
microammeters, 73 voltmeters, 23 wattmeters, 
frequency meters, 21 multimeters. 

Portable d-c.—80 ammeters, 100 milliammeters 
23 microammeters, 58 voltmeters, 15  millivolt 
meters, 3 volt-ammeters, 3 multimeters. 


4 


. a! t 
Others card-indexed—30 potentiometers, + Wheat 
stone bridges, 6 comb’n ohm-volt-milliammeters 


capacity meters, 6 galvanometers, 12 ohmmet 


standard mercurial thermometers, 8 optical pyrom 
eters, 9 thermoelectric pyrometers, 5 Osiso portable 
oscillographs, 5 six-element oscillographs, 15 shunts 
INSTRUMENTS IN STANDARDS ROOM 
(1) On shelves, for loan to various Di n 
Laboratories—approx. 120 portable second 
ards. 
(2) Equipment of Standards Room 
1 Standard potentiometer. 
1 White double potentiometer and ! 
pyrometric standardizations. 
25 Standard cells, some grouped in oil 
1 Carey-Foster bridge. 
1 Kelvin double bridge. 
3 Kelvin balances: 10 to 1000 amps. 
6 Wall type galvanometers: graded sens 
4 Standard resistors: 10 to 10,000 ohms 
2 Sets of standard shunts. 
1 Thermal extensometric equipment. 
1 Apparatus for calibrating optical pyt 
3 Standard thermocouples (NBS certif . 
of NBS tested wires. 
\ =i 
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THE MONTH'S NEW 





aper Penetration Tester 
igh constituting a new type of in- 
nt for determination of the sizing 
er, using the inks which are actu- 
used in printing or writing, the 
n . Penetration Tester” nevertheless 
ents in some respects an extension 
. methods followed in the flotation 
ind dry-indicator tests. It employs, 
ver, a new objective method of 
ring quantitatively the penetration 
\y medium into paper. Observations 
made with dry-disk barrier-layer 
jtoelectric cells arranged in a balanced 
toelectric circuit in order to  elimi- 
the optical characteristics of the 
surface of the paper such as color, tex- 
ture and surface irregularities. Opera 
of instrument is based upon. the 
inve in reflectance of the surface of 
he sheet as the medium penetrates 
through from the under side. Cells react 





Calibrating 
i Adjustment 





\. Annular Form 
Photoce//s 


Temp. Contro/ (A) 
Rheostot 


eee” | Test Aperture 





Heater 


to light reflected from the respective 
surfaces of the calibrating reference and 
of the test sample. An optical screen 
inserted into this balanced system de 
creases the illumination on the upper 
cell by a fixed amount; hence, balance 
is again reached only when an equal 
decrease in illumination on the lower 
cell has resulted from the penetration of 
the medium through the sheet. In making 
i test, the sample is placed over the test 
iperture and the photoelectric circuit 
balanced. The optical screen is inserted 
into the upper optical system and the 
ink is brought into contact with the 
paper. The time between the moment of 
ontact of ink and paper, and the return 
f photoelectric balance, as shown by the 
indicator, is the measure of the rate of 
netration. It is said that this instru- 
nent extends the value of present meth- 
ds of measuring size: (1) by employing 
the penetrating medium the same 
pe of ink that is used in printing and 
riting; (2) by fixing precisely the end 
int of the test; (3) by permitting 
dependent measurements to be made 
the surface and beater size of a sheet. 
‘arss, Knobel & Young, Inc., Kendall 
uare Bldg., Cambridge, Mass. 


In this department we strive to re- 
port each month ALL the new devices 
for measurement, inspection, testing, 
metering and automatic control—in 
the form of concise technical descrip- 
tions. 

When writing to manufacturers 
directly, please mention this depart- 
ment as your source of information. 

Or write to Information Section, 
Instruments Publishing Company. 





Cathode-ray Oscillograph 


New “Type 156” Oscillograph with 5” 
cathode-ray tube has been designed for 
use in recording in connection with the 
moving-film camera or for observing 
slow-speed phenomena (below 10 cycles 
per second). When used for the first ap 
plication, a cathode-ray tube giving a 
blue trace of high actinic value and ex 
tremely short persistance is used. The 
phenomenon is applied to one set of de 
flection plates and the moving film cam 
era supplies the time axis. In the sec- 
ond application a DuMont cathode-ray 
tube with time delay screen is employed 
which will retain the wave on the screen 
for approx. 30. seconds. An external sin 
gle sweep must be used when the unit 
is utilized for this type of work. There 
are of course numerous other applica 
tions beside these two. New unit con 
sists of a high-voltage power supply, the 
anode voltage of which may be varied 
by means of a switch from 1500 to 3000 
volts in 500-volt steps. At 1500 volts 
anode the voltage sensitivity is 75 d-e. 
volts per inch and at 3000 volts anode, 
150 d-e. volts per inch. A Type 54-8-H 
DuMont cathode ray tube (of high 
vacuum electron-lens focus type) with 
separate leads from each deflection 
plate, is mounted in the unit. A_ bind 
ing post strip at the rear of the unit 
allows direct connection to any of the 
deflection plates. This tube having an in 
directly heated cathode, no filament am 
meter or adjustment is necessary. Con 
trols are provided for varying the bril 
lianey of the tube and focusing the spot. 
Unit is recommended in any application 
requiring a compact unit supplying high 
voltage to the cathode-ray tube and 
hence an unusually brilliant pattern. 

Allen B. DuMont Laboratories, Ine.., 
Upper Montclair, N. J. 


Metal-clad Joints 


Interchangeable ground-glass joints, 
precious-metal-clad to prevent mechani- 
cal and chemical freezing, have been 
developed. Silver, gold, platinum or 
palladium are used in sheathing the 
joints, forming a smooth, non-locking, 
vacuum-tight seal. Patents have been 
applied for. Any piece of Pyrex glass 
apparatus now equipped with inter- 
changeable ground-glass joints may be 
purchased with metal-clad jcints at a 
slight extra cost.—Scientific Glass Appa- 
ratus Company, Bloomfield, N. J. 
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Fuel Meter for Furnace 
Combustion Control 


Increasing use of heavy oils and tars 
is furnace fuels has intensified the de 
mand first formulated in J/nstruments, 
Noy. 1932, pages 264-265: “demand for 
fluid meters with primary devices of 
positive types and secondary devices 
giving direct readings of rate-of-flow 
... a positive primary device measuring 
off isolated quantities, and a tachometric 
secondary. .. . Records of instantaneous 
values of the true volumetric rate 
the tachometer reading is a perfect op 
erating guide for controlling the process.” 
Heretofore this demand has been met 
in many instances by home-made or 
home-assembled systems. New “Mir-o 
meter” system consists entirely of stand 
ardized units, all of which (including 
optional accessories not shown in illus 


tration) are ivailable 


commercially 








Prefix “Mir” signifies functions of meter 
ing, indicating and recording. Metering 
is effected by a Bowser “Fig. 760 Reg 
istering Measure” for high-pressure high 
temperature service (originally designed 
for hot asphalt, etc.), equipped with a 
6-digit cyclometer register for quantity 
metering, and driving a tachometric d-c 
generator. This energy consumption 
shortens the usually long flat portion of 
a displacement meter’s registration curve, 
and therefore the 34.” size (standard for 
furnace applications) is recommended 
for flows not exceeding 10 g.p.m. (if 
cast-iron construction) or 8 g.p.m. (if 
bronze construction), and not less than 
1 g.p.m. Operating temperature limits 
are 50 and 250° F. Viscocity limits for 
metered fuels are 400 and 10,000 see 
Saybolt Universal. A steam jacket is 
available for applications where fuel 
heating is desired. Flow-rate indicators 
and recorders are standardized electric 
tachometric units (see /nstruments, Sept 
1931, pages 489-500) calibrated in g.p.m 
when operating from standard genera 
tor. Indicator has a 714,” dial, is usually 
installed near furnace. Recorder, for 
installation in office, has indicating fea 
ture, takes strip charts with 5” scale 
width and may be equipped with chart 
drive for speeds of %, 14%, 3, 6 or 
12 in./hr—S. F. Bowser §& Co., Inc., 
Fort Wayne, Ind. 
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METERS and CONTROL 
for Boiler Room 


Boiler Meters 
Indicate, record 
and integrate 
Steam Flow 
from the boiler, 
record Air Flow 
supplied for 
combustion 
and record Flue 
Gas Tempera- 
ture. The use of 
this meter re- 
duces fuel cost, Beiley Boiler Meser 


lessens main- 
tenance and outage, lowers standby costs, 


and adds capacity. 


Multi-Pointer Gages for indicating 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 
sensitive diaphragm units, 





Multi-Pointer Gage 


Flow Meters. For indicating, record- 
ing and integrating the flow of steam, feed 
water, compressed air and other fluids. 


Granular Material Meters 
For accurately measuring 
the flow of coal or other 
granular materials in 
gravity chutes from over- 
head bunkers. The total 
quantity of granular ma- 
terial is shown on a large 
illuminated counter which 





may be easily read at a 
distance of 50 feet. 


Control Systems. 
Make possible the every- 
day operation of equipment for steam 
generation and utilization at test efficien- 
cies. They are applied to the control of 
combustion, feed water, superheat, de- 
superheat and other factors. 


Coal Meter 


Complete Information on any of the above Bailey 
products will be gladly furnished upon request. 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 
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Portable W heatstone Bridge 


\ newly redesigned — self-contained 
Wheatstone bridge for measuring 
tances from a fraction of an ohm to 
9,999,999 ohms, suitable for shop, labor 
atory or field ratio 
dial, four rheostat dials, a pointer type 


resis 


use, consists of a 


galvanometer and a dry battery con 
tained within a_ solid-walnut case 
measuring 9”x7"x6" high and _ having 
hinged lid, lock and leather carrying 
strap. Complete instrument weighs 10 


lbs. Ratio dial affords seven decimal 
multipliers, from 0.001 to 1000. Ratio 
coils are accurate to 0.05%. Rheostat 
has a total resistance of 9999 ohms, 
variable in steps of 1 ohm. Each rheo 
stat dial contains 9 coils affording 
smooth variation in resistance. Rheostat 





within 
a positive clicking 


accurate 


guaranteed 
dial 
device, and only one value for each dial 
one time. The 
be used as a 


coils are 

0.1%. Each has 
is exposed to view at any 
four rheostat dials may 
calibrated four-dial resistance standard, 
independently of the rest of the set. 
Extra binding permit use of 
external galvanometer and battery when 
29 No 


posts 


desired.—Rubicon Company, 
Sixth St., Philadelphia, Penna. 


Time Switches 


New line of “Inter-Matic” Time 
Switches is made in two types: (1) “HC” 
unit, housed in moisture- and dust-proof 
drawn metal case, arranged for sealing 
mechanism with any of the standard 
type meter seals, designed for mounting 
on wall or in conduit. (2) “HS” type, 


with mechanism attached to a_ special 
mounting plate carrying switch-blade 


connectors which fit into the clip con 
tacts of standard meter sockets. A case 
is not furnished because unit is to go 
in standard glass or metal meter hous- 
ing. In both, the time dial, driven by 
low-speed, self-starting and self-lubricat 
ing motor, operates on a 24-hour cycle 
and is laid out in 15-minute divisions. 
The switch mechanism is actuated by 
adjustable “on” and “off” clips. One 
pair regularly provided; up to ten pairs 
can be applied. Minimum time between 
on and off and off and on operation is 
one hour. Clips operate a trip mech 





controls ai« 
switch. Single 

re available. S 
tacts open and close with a s 


anism which 
double-break 
pole switches 





Wiping action on closing keeps 

tact surfaces clean. Contact but ure 
of silver. Rating is 35 amp. at 115 

230 volts a.c. non-inductive load, or | 
h.p. at 115 or 230 
load. Optional feature is 
trol, whereby switch can be 
close the contacts permanently, to oper 


volts a.c inductive 
manual cor 


made 


them permanently, or to open and clos¢ 
them temporarily during any “on” 

“off” period without affecting th 

setting. ‘The manual 
be left entirely within the case, 
be brought through to the outside for 
convenient operation. Overall dimensio 
of type HC: 73,” 4d 3 Bas 
plate of HS unit is 4,4” { ne 
from face to pact 


control buttor 


or car 


53 


overall depth 388” 
the connectors. Weights are 3%, and 3 


lbs. respectivelv.—International Re¢ 
Co., 15 Throop St.. Chieaao. | 


Plug-in Resistors 


plug-in for int 
permitting Lriou 


Resistors of handy 
of selected values 
combinations for any total resistance ar 
offered on the market after having orig 


Ry eae 





been 


developed for use 
sistance bridges and other test 
ment employed in makers’ own 
tory and plant. Housed in a 
4-prong tube base, these units 


inally 


able in values of 1 to 10,00 
“Any accuracy up to 0.1%.” 
Mfg. Co., Inc., 285 No. Sixth St 
lon, WV. Y. 











d, or ] 


inductive 
ual Cor 
made to 
to opel 
und close 
“on” and 
the clip 
tton cal 
> OY Cal 
tside for 
mensions 


Bas 


rh an 
variou 


ince are 





: amometer Type Portable 
A-c. Instruments 


ited as “Model 13,” a new line 
emmeters, milliammeters, volt- 
(single-phase 


ind wattmeters 
s been brought out to meet de 
light portable testing instru- 





ments having an accuracy of 0.5% and 
possessing such features as 514,” scale 
length, knife-edge pointers and mirror 
scales permitting accuracy of observa 
tions under field conditions. Accuracy 
wuarantee is made possible by employ- 
ment of the recently improved Hickok 
dynamometer movement (design same as, 
construction similar to, laboratory stand 
urds). Moving system is so damped, and 
torque is sufficiently high, so that in- 
struments are suitable for severe field 
service. Instruments can be calibrated 
on dc. by using regular laboratory 
potentiometer equipment and averaging 
two readings with reversed polarity to 
eliminate effects of stray magnetic fields. 
New line includes also (for extremely 
low voltage ranges and for self-contained 
high-current ranges) instruments having 
a magnetic vane movement. Ammeters 
can be supplied with pointer stops where- 
by exact value of starting current (as in 
motor testing) is indicated. Case is of 
molded Bakelite. Inside case is a low- 
carbon steel enclosure for movement, 
shielding against external magnetic fields. 
Instruments for ranges up to 300 volts 
or 300 amps. weigh 314 lbs. and come in 
BY,” «K 61," 714" cases. The 300-750 volt 
instruments with built-in current trans- 
formers weigh 8 lbs. and come in 6” deep 
cases. The Hickok Electrical Instrument 
Co., 10514 Dupont Ave., Cleveland, Ohio. 


Time Cycle Controllers, and 
Metallic Mercury Switches 


For controlling machine operations 
electrically by means of solenoids and 
magnets in definite timing sequence, two 
general types of time cycle controllers 
using new Staley Metallic Mercury 
Switches (see below) have been designed. 
“Model 611” Controller operates one or 
0 circuits at the rate of 15, 30, 45 or 
) circuit makes and breaks per minute 
means of a 110-volt, 60-cycle, shaded 
‘induction motor rotating an adjust 
«cam and tilting the switch or switch 
"y the use of a rocker arm. “Model 
is designed to use from three to 

it cireuits and a separate camshaft 
ich operates by pick-off gears. It ‘is 
‘lable in standard models having 1, 
t, 5, 10, 15, 20 or 25 circuit makes 
breaks per minute, timing sequence 
time of circuit operation adjustable 


A 


by means of the cams. Its base is cush 
ioned on a base-plate to reduce noise of 
operation. Both controllers are equipped 
with Bakelite cams, terminal panels for 
motor and circuit connections, 15-amp. 
switches which, on a standard 110-volt 
non-inductive load circuit, have a capa 
city of 1650 watts. Either model can be 
supplied with a case. Models for opera 
tion on 220-volt circuits, synchronous or 
universal motors, special operating speeds 
between 5/11 and 60 makes and breaks 
per minute in the case of the Model 611 
and speeds between 1/11 and 60 makes 
and breaks per minute in the Model 602, 
are available on special order. 








Staley Metallic Mercury Switches con 
sist of a mercury-to-mercury make-and 
break contact housed in a metallic en 
velope, hydrogen filled and with a pat 
ented seal to prevent gas leakage. A 
refractory material breaker localizes the 
point of circuit make and break and 
means are provided to insure quick op 
eration by deionizing the are at circuit 
interruption. Switch is normally installed 
in special clips similar to cartridge fuse 
clips, is cadmium plated after assembly; 
operates by tilting through an angle of 
approx. 10° from horizontal. Reversal 
of circuit function (make instead of 
break when one side is down in any 
specific design) is obtained by simply 
reversing the switch in its clips. It is 
said that the switches have low contact 
resistance and are free from breakage. 
Supplied in 5-, 10- and 15-ampere capa- 
cities and in various types including 
“Series 400” encased in fibre tubing and 
furnished with pig-tail terminals. A 
large number of mounting panels, bands 
and other accessories are available as 
standard parts to simplify attachment 
to machines.— Electric Switch Corp., 
1405 Union St., Columbus, Indian. 


Metal-tube Ballast Resistor 
Replacements 


Another line of handy replacement 
parts consists of metal-tube voltage- 
dropping resistors, for which it is said 
that the requirements have been critic- 
ally studied and reduced to the smallest 
number of different types to take care 
of the greatest variety of sets so 
equipped. A representative stock kit of 
twelve different types is said to be 
proving popular.—Clarostat Mfg. Co., 
285 N. Sixth St.. Brooklyn, N. Y. 
















































































Gentlemen, 
Your Witness 





@ Every large Air conditioning in 
stallation is worthy of a witness 


of its performance. 


@ That witness should be an eye 
witness, able to report directly, 
without computations or deduc 


tions. 


@The Friez Air conditions Re- 
corder is just such an eye-wit- 
ness. It reports directly tem- 
perature and humidity in per 
cent relative humidity. You do 
not need psychrometric tables 
or further figuring after you 
have read the chart. It knows 
and gives all the answers. In 
fact it is the only such eye- 
witness in the field of air condi- 
tions instruments. 


@Such an accurate and reliable eye- 
witness returns the value of its fee 
many times in time-conserved and in 
efficient product control. 


Write for Bulletin RM. 


Julien P. Friez & Sons, Inc. 


“The Makers of America’s 
Weather Instruments” 


Subsidiary of 
Bendix Aviation Corporation 


BALTIMORE, MARYLAND 
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et us quote you 
on complete 


METALLIC 
BELLOWS 


assemblies 


Hydron metallic bellows are used as con- 
trol elements in temperature and pressure 
control devices, and for liquid or gas seals 
and pumps. They are 
one-piece, thin wall, metal 
tubing of the highest grade, expressly de 
veloped for this purpose 

The bellows have exceptional life char- 
acteristics due to the automatic testing of 
the tube wall in our original patented hy- 
draulic forming process, and to the freedom 
from rubbing of frictional tool engagement 
with the thin metal wall during the form- 
ative Operation 

Increasing numbers of manufacturers 
find it and more satis- 
factory to have us supply the complete 
bellows assemblies. We have the equip- 
ment and they are pleased with the re- 
sults. Let us quote you on complete bellows 
assemblies for your products 

We are primarily manufacturers of bel- 
and bellows assemblies rather than 
completed devices incorporating same, with 
the obvious intent of avoiding any com 
petitive situation between ourselves and 
our customers. We do, however, produce 
to our customers’ specifications complete 
devices involving our bellows 


on compressors 


formed from 


more ec ynomical 


lows 


Write for our catalogue 





CLIFFORD MFG. CO. 


564 East First Street Boston, Mass. 
FACTORY REPRESENTATIVES 


Riley Engineering Corp., 1481 14th St., Detroit 
Franklin G. Slagel, 923 East 3rd St., Los Angeles 
J. J. Shriver, 221 North La Salle St., Chicago 
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New “Clip-on” Models 


The Clip-on Ammeter originally intro 
duced some six years ago was at first 
only available in the standard 0-100/500 
amp. combination. Additional low- and 
high-range combinations have recently 
been added to the line so that this in 
strument is now available in four stand 

ard low-range com 







binations and three 
high-range combi 


nations, as follows: 





With 
sible 


stock Instruments i iS POS 


these 


currents 
without 


to measure from 0.2 amp. 


up to 1000 opening the 


circuit or 


amps. 
down the equipment 
under test, or insulation 
from the conductor concerned. All Clip 
on Ammeters are supplied with fully in 
sulated clips as well as Bakelite handles 
so that they used with equal 
safety on insulated or uninsulated con 
ductors. Ferranti Electric, Inc., 30 Rocke 


shutting 


even removing 


can be 


feller Plaza, New York, N. Y. 
Dial Thermometers 
New “Dura” dial thermometer is said 
to be “to the best of our knowledge the 


thermometer with 
corrosion-resistant 
Bulb, 
connecting 
are all of 
stainless steel. 


only dial 
made of 


every part 
material.” 
socket and 
tubing 
18-8 
Tub 
ing consists of cap 
illary, spiral armor 
and closely - woven 
braid, further pro 
tected case and 
bulb by additional 
reinforcements 
Each part of this 
is stainless steel 
Moisture- and dust 
proof case is of 
corrosion - resistant 
phenol condensate, 





has shatter - proof 
glass front. Move- 
ment is of 18-8 
stainless steel. Dial has a natural finish 
with deeply etched black figures. New 


thermometer may be used in measuring 
temperatures from 40 to 1000°F. and 
for distances up to 100 ft. from point 
of measurement. Pointer has micrometer 
adjustment permitting field adjustment 
without removing dial. Thermal system 
is mercury-filled, all welds are made by 
atomic hydrogen method and every pres- 
sure-spring is tested to 214 times work- 
ing pressure and aged by 1500 flexures. 

American Schaeffer & Budenberg Div.. 
Consolidated Ashcroft Hancock Co., Inc.. 
Bridgeport, Conn. 





Stoker Controller: 
Features embodied in new 
of stoker combustion controlley 
a trip-free bimetal overload 
unit, built-in knife switch and 
ceptacle, synchronous electric 


cam for maintaining proper e 





and tr 
voltage 


it all times, pilot relay 
for supplying low 
circuit. The 
incorporated in new 
positive 


curret 
bimetal « 
Ty pes 


motor pr y 


thermostat 
unit, 
556, vives 
igainst overload from any ¢ 
designed to give uniform 

throughout the life of the 
out the replacement of parts, is eq ed 
with a trip-free reset button (n 
feature) which make 

possible to block the 
eliminating any chance of runni é 
stoker motor without 
tion, is wired into the 


contre 


exclusive 


contact 


overload protec 
internal circuit of 


the controller and does not chang 
ternal wiring in any way. ‘Types 552 
554 incorporate the knife switch and 


fuse receptacle in the controller 
further simplifying installation and 

ing on the job. Illustration shows ‘1 
554-2P. Time cycle cam is in center of, 
bimetal overload unit at upper right of, 
control panel. All of these new st 
controls are rated >¥, h.p. 110-volt 5 
or 60-eyele as standard, and are i 
able for 14, h.p. 220-volt service, and f 


odd cycle service in either 110 or 22 
volts when specified. Thermostat circuit 
with all controls is 25 volts.- Penn 


Des Moines. lowa 


tric Switch Co., 


Magnetic Starters, Contactors 


magnetic starters 
“Type ee he 


or poly ph 


\ new line of 
contactors, known as 
11, to 25 h-p. single 
tors, emp'oy the self-cleaning, s¢ If 





action, 
non-car! 


ing “wiping” contact 
parts assembled on a 
heavy black glazed porcelain bas 
complete mechanism of both devic: 
ing mounted on a _ steel backp 
entirely removable for wiring b) 
ing three screws. Relay heaters, 
amps., are interchangeable with 
other on all sizes of “C.M.” st 
The Trumbull Electric Mfg. © 
ville, Conn. 





protee 


Ircuit of 


S l'ype 
nter of, 
ight f, 
stoker 
volt 50 


l 








‘aper Formation Tester 
ving a photoelect ric cell to substi- 
ective measurement for human es- 

, new instrument determines the 
of a formed sheet of paper known 
ition. Mill processes can thus be 

ed so that proper formation or con- 





ction is obtained. The sample to be 
s moved at high velocity be 


easured 
tween a steady light source and_ the 
nhotocell. Variations in opacity of paper, 
due to variation in either thickness or 
structure, cause fluctuations in photocell 
current. These are amplified to deflect 

pointer, while the average steady 
photocell current is indicated on a second 
dial. The ratio of the readings of the 
two indicators gives the formation num 
ber. For additional convenience provision 
is made for adjusting the steady current 
component to the same value for every 
sample to be tested, making the reading 
the formation 
controls are 


of the output meter alene 
Indicators and 
an inclined panel for con 


number. 
mounted on 
venience in reading from either a sitting 
Thwing-Albert In 


Lancashire <Ave., 


or standing pcsition. 
strument Co., 38339 


Philade ph ‘a, Pa. 


Auxiliary Circuit Breaker 
Increasing demand for a simple, com 
pact auxiliary breaker = for 
mounting is said to be met 
“voke-mounted Protectit,” de 
signed to be mounted in standard meta 


circuit 
standard 


Dy new 


vall boxes as well as in special metal 
cabinets for surface mounting. ‘Two types 











re available, a fixed capacity device, 
ide in ten differently rated sizes, and 


e interchangeable-heater-element type 
rr which there are twenty heater ele 
ents all with different ratings. Both 


maximum — voltage 


rating of 250 volts a.c. or d.c. and a 


Protectits have a 
iximum horsepower rating of 1 h.p. 
nd are listed as such by Underwriters’ 
Colt’s Patent Fire Arms 
Hartford, 


hboratories. 
ifg. Co., 17 


Van Dyke Ave., 
mn. 


Universal Measuring Engine 


Simple or fairly complex measure 
ments can be made with this new 20-cm. 
universal measuring engine. With basic 
(including simple carriage 
leneths measurements 


equipment 
and microscope) 
can be made on opaque objects less than 
8” long to an accuracy of 0.0001” and 
on transparent objects less than 4”. A 
series of tapped holes at 2” intervals 





@, 


permits 
both front and back. 
mounted in 


accessories 


various 


mounting 
Microscope arm is 
separable, can be various 
positions. ‘Two or more microscopes can 
be mounted, or a microscope and ruling 
attachment side by 
made for illuminating spectrum plates, 


ete., through one end of bed. Chief acces 


side. Provision is 


sory, Cross carriage, converts basic equip 
ment into two-coérdinate machine of 8” 


Addi 


tion of marking punch converts device 


2” range accurate to O.000L”, 
into 8” 2” laying-out machine. Hold 
ers for dial gages, ete., permit produc 
tion checking of tapers. Vee blocks and 
centers provide means for holding screws, 
ete.— Mico 
Mass. 


Instrument Co., Cambridge, 


Portable Gas-analysis Recorders 


tanarex” gas an 


\ portable line of “ 


alyzers, employing the specific-weight 
principle (see Jnstruments, Nov. 1931, 
pag 6238) is announced, in models de 


signed for determin- 
ing (1) CO. content 
of boiler flue 
(2) COs content of 
furnace atmospheres, 
(3) air-fuel ratio in 
exhaust gases of. in 
ternal-combustion en 
gines, (4) specific 
gravity of natural or 
manufactured gas. As 


gases, 


in previous “Ranarex” 
instruments, varia- 
tions in barometric 
pressure, humidity, 
temperature or fan 
speed are compen 
sated for by torque 
balance mechanical principle. In models 
for use on internal combustion engines 





a vacuum or combined vacuum and pres 
built into instrument to 


sure gage is 
permit measurement of pressure in in 
take manifold. Recorder can be fur 


nished to operate either on lighting cir 
standard 6-volt automobile 
Permutit Co., 330 W. 


City. 


cuits or on 
batteries.— The 
2nd St., N. Y. 














HELLIGE 


GLASS ELECTRODE 





READING DIRECT FROM 0 TO (4 pH 
For All Types of Electrode Systems 


The new Hellige glass electrode pH- 
Meter measures hydrogen ion con- 
centrations and reads direct in pH 
units with all types of electrode sys- 
tems, over the complete range of 0 
to 14. The sensitivity is 0.02 pH and 
the working accuracy is 0.05 pH. 
Rugged — Portable — Applicable for 
titrations and as a separate null 
indicator. 





VACUUM-TUBE 


GALVANOMETER 

This instrument is a general purpose 
null indicator of universal adapt- 
ability for precise measurements of 
oxidation-reduction potentials, 
streaming potentials, insulation re- 
sistance, and various types of bridge 
measurements. 

Suitable for measuring systems of 
high resistance (10'° ohms), and 
those easily polarized, with the same 
high sensitivity (0.1 millivolt) and 
the same simple technique as that of 
ordinary systems. 


HELLIGE 


3702 NORTHERN BLVD. LONG ISLAND CITY. N.Y. 
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HIGHEST ap Modulation Monitor 


\s Model 1295 Master Modulation Mon- 
yO itor is said to eliminate uncertainty of 
\C depending on ear, variation of antenna 
\¥ immeter or loop and light to determine 
ACCURACY , 
ELECTRODYNAMOMETER 


PORTABLES 


A.C. AND D.C. ALL RANGES, ALL TYPES 


In acid-proof, moisture-proof, shock- 
proof, molded insulating cases. 

UNIFORM SCALES, Knife-edge point- 
ers, Anti-parallax mirrors. 





plated mica in order that cl 
more brilliant still pictures 
shown. For the analysis of fil 

by frame, a knurled knob has be 14 
manently attached to the outsid 





"ey 





carrier shift and modulation percentage : ‘ 
projector and replaces the det 


crank attached to the upper 
shaft in the original set. Complet 
ment consists of motor-driven, gov 


of voice-transmitting radio stations. Mod 
ulation of transmitters is shown on 
direct-reading dial of instrument, which 
has ranges from 40 to 120%, all readings 
in peaks. Visual information is provided 
on a second scale for carrier reference 


controlled camera, projector, ‘ 
plate (for identifying activity 
stand, loop winder, splicer, desk scre 





level for modulation test and also to which folds flat, wall screen at f 

check carrier shift during modulation use where normal lighting is insufficient 

Adjustment of the transmitter can be \yayda Photoflood lamp reflector. Speci 
Movements supplied ASTATIC, Shielded, 01 regulated to prevent monkey chatter, gmm. film is used, available in 25-f 
Un-shielded. ASTATIC portables, illustrated cross talk and B. C. L. interference 100-ft. rolls——Production Conti V 
above, regularly supplied with guaranteed ac- | Instrument is factory calibrated ; no chines Corp Chrysler Blda.. \ } 
curacy of 1/5 of 1% on A.C. or D.C further calibration is needed. Case _ is i 


metal with black wrinkle finish 77%.” >» 
654" « 454” The Triplett Electrical 


Instrument Co., 38212 Harmon Drive Portable Relay Set 


Bluffton, Ohio “8 : . 
This new instrument is a_ ready-f 


use self-contained relay set with attac 

cord. Relay proper is of type with d 

contacts normally open and normal 
Improved Motion-study Camera _ closed: powers receptacle can by 
: nected to either of the points to 


and Projector contacts close or open when instrume 
\s a result of several years’ experience (connected to right-hand plug Ise 
with the closed-loop system of taking and the coil circuit. Relay requires 2 
projecting motion pictures, a new cam unps. at 110-volt 60-cycle. Case is 
era and a new projector have been de Bakelite, 414” diam. and 2” deep, 
veloped. In the camera, a stronger motor ‘non-breakable g@lass” window | 





. < : has been installed and the lens permits 
Made open face, or with hinged, closing covers . - 5 » 4: % 

: . wider range of diaphragm stops and 
Illustrated above is Model 18, accuracy 1/2% . ; : am ‘ 
focusing settings. The extension cord has 
been made detachable and in addition 
there is supplied with the set an attach 
ment which permits the recording of 
large images of small objects and move 
ments. The projector lamp has been in 
creased from 100 to 300 watts and the 





original perforated grid used for a safe 
ty shutter has been replaced with gold 





Also portable precision testing equipment; trans 
formers, shunts, multipliers, power analyzers, 
etc All backed by thirty years experience 
in the manufacture of laboratory grade elec- 


case carries toggle switch mountet 
ly behind pilot light which show 
lustration, together with a 
hanger for wall mounting. At lef 
of case there is furnished a 5-ft 
pi 


trical instruments 


SEND FOR CATALOGUE 14 


HICKOK 


Electrical Instrument Company 


10514 Dupont Ave. Cleveland, Ohio 


extension cord with rubber 
right side a special receptacle 
plug; at bottom a standard re 
for plugging any load not excet 
umps. at 110 volts a.c.—H. B 
ment Co., 2518 No. Broad St., P 


ph ia. Pe nna 
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Cathode-ray Tubes 
Representing latest applications of 
ron-lens focusing principle, two ser- 


Asphalt Tester 


Purpose of Berry Ductility Tension 
Machine is to test asphalts of varying 
registering the conventional! 
the asphalt 


thicknesses: 


ductility of specimen by 





showing length it travels before breaking. 
and recording this upon a chart simul 
taneously with recording of specimen’s 
tensile strength. This new method has 


ies of cathode-ray tubes, all of the high advantage that there is recorded at all 
vacuum electrostatically - focused type, points on the chart the actual relation 


embody also some entirely novel ideas. 
For example, a unique double basing 
method permits the leads of widely dif 
ferent operating potentials to be segre- 


between ductility and tension, thereby 
providing essential data on_ physical 
characteristics of asphalt. The machine 
was developed by combined efforts of 


Ss { t} 

ae hl gated (so that higher voltages may be Humbolt Mfg. Co., Chicago, IIl., and 
r sprocke upplied for photographing transients) Berry Asphalt Co., 1472 W. 76th St., 
lete ¢ ui} ind still retain the plug-in feature: an Chicago, III. 
, 20 aie insulating sleeve encircling the neck of 

r, numbs the tube some distance from the end 

ity 9 (see Fig. 2) carries the contact plugs Oil Circuit Breakers 


sufficient 


or. Speci 


for the final anode and all deflection 
plate terminals. Use of tubes for impor- 
tant tests is possible by reason of linear 
ity of deflections, fine focusing at all 
ints on screen, and negligible distor- 








\ new line of 15,000-volt oil circuit 
breakers, utilizing the oil-blast principle 
and incorporating a simpler operating 
mechanism, simpler internal mechanism, 











eitz 
PANPHOT 





OF } ] 
saa Ma tion. “Type 325” series tubes have 41,” and fewer bearing points, comprises 
VV. is nominal diameter screens and are 161,” 
long overall; “Type 326,” 7” screen and the U Ni | VE RSA L 
22” length. Essential characteristics: fila- 
ment 5 volts at 0.55 amp.; max. anode FE 
>t voltage 5000, focusing potential from QUIPMENT 
20% to 30% of anode voltage; modula 
ready-for tion bias required is from 1.2% to 2% 
1 attached of anode voltage. Three types of screen for MICROSCOPIC 
with dua ire available, denoted by suffix to type 
normally number: “A” normal decay period, with 
be con greenish spot; “B” slow decay, light RESEARCH 
; to have green; “C” fast decay, blue spot, for 
istrument photographic use.—Western Electric Co.. , 
x) closes 5 Broadway, N. Y. City; distributed and here are just a few of its 
3 2 milli Graybar organization. — many features: 
ys se = ee ee e : Equally convenient for visual ob- 
go , _— FLO-1A, ane =e FLO servation and photo-micrography 
’ with interrupting ratings of ae 
50,000-, 100,000-, and 175,000-kva, respec Equipped with mirror reflex box to 
Low-water Cut-off or Alarm tively. New device has a horizontal break facilitate alignment and focusing for 
Principal application of this new float with the thros: potes in a single rec pene: ? 
switch is to cut off automatically-fired tempest: sheet fae OF Benak ports Can be used also for micro-projec 
init on a heating boiler when water hepa ee ger rhe Sere “ tion, drawing and photo-microgra- 
drops below safe level. Alternatively, ] : som with eer e-Siy ow of the phy in transmitted or reflected light. 
ie MTS ee eed. leavy arcing contacts. A horizontal oil The Leitz PANPHOT c: 
ok. eka aan, we baffle divides the tank into two parts “tg “if can 
& used to operate an interconnected by three ports, one op pe used for: 
; . slave or ta aay posite each pair of contacts. Main BRIGHTFIELD (transmitted light 
other application contacts are of the heavy wedge and DARKFIELD (from lowest to high 
finger type, with silver-to-silver contact est magnification including Plancton 
surfaces. Stationary fingers are pivoted REFLECTED LIGHT (vertical illum 
to be self-aligning with the wedge- ination) 
shaped copper blades securely attached ULTROPAK illumination 
to the horizontal contact carrier. Oper- POLARIZED LIGHT (reflected o1 
ating mechanism on all breakers of this transmitted) 
type classification is built as an integral | Full details given in Catalogue 7552 
part of the breaker whether manually- Shall we send you a copy? 
® ere a float control is to make or break or solenoid-operated. Bushings are one- 
af 1 ontact. Vital parts are all of corro- piece wet-process porcelain. “Type D- E LEITZ INC 
eX 1 resistant materials. Flexible bronze 304” bushing current transformers are a 4 . 
lows seal. Inspectors can expose all available, for providing direct instan 
trical parts by removing switch cover. taneous trip from 85 primary amps. uj ere ae SOE PN Coen: Scenes 
acity ¥ h-p, 110-220 volts a.c. Work- and time trip, with relays, from 90 60 East 10th St., New York, N. Y. 
pressure 15 lbs./in.2 Length 9” over- amps. up. Approximate dimensions of Washington . . Chicago Detroit 
width 3”. Gage cocks and gage glass a frame-mounted breaker are: 8’ hizh, Western Agents: Spindler & Sauppe, Inc 
furnished.— Watts Regulator Co 2’3” wide, 5’ deep.—General Electric Los Angeles—San Francisc 
Lowell St., Lawrence, Mass. Co., Schenectady, N. Y 
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New! 





AUTOSYN 


SELF-SYNCHRONIZING 


MOTOR 


TYPE | 


Type | Autosyn motor is a 
reasonably priced self- 
synchronizing motor with 
superior performance char- 
acteristics. One transmit- 
ter may operate as many 
as six receivers. Practically 
any system of remote indi- 
cation or control may be 
solved by the selection of 
the proper type of Auto- 
syn Motors. 


FEATURES 


|. Conventional Motor mount- 
ing interchangeable with 
most standard self-syn- 
chronizing motor elements. 

2. Approximate accuracy: Two 
degrees. 

3. Maximum torque 14.8 inch 
ounces. 

4. Safe continuous operating 
torque 5.6 inch ounces. 

5. Brushes carry no current 
during synchronism. 

6. Enclosed inertia dampener 
reduces oscillation to maxi- 
mum of 3 seconds and is 
adjustable to suit. 

7. Dimensions: 3547x39/16”x 
534,”. 

8. Weight: 5 lbs., 12 oz. 

9. Low current consumption 
and temperature rise char- 
acteristics. 

10. Voltage range for accurate 
and safe operation, minus 
20°/, to plus 10°, normal 
rating. 

COMPLETE INFORMATION ON 

REQUEST 


BENDIX MARINE 
PRODUCTS CO., Inc. 


Subsidiary of 
Bendix Aviation Corporation 


754 Lexington Avenue 
Brooklyn, N. Y. 











INSTRUMENTS 
Page 10—Vol. 10 


Astatic Dynamometer Type 
Portable A-c-d-c. Instruments 


Designated as “Model 19," a new line 
of astatic electrodynamometer type a-c 
d-c. instruments including milliammeters, 
ammeters, voltmeters and wattless-com 
ponent indicators, has been brought out 
in two degrees of accuracy: “Series 1” 
0.2% and “Series 2” 0.5%. The line in 
cludes single-, double- and triple-rangé 
instruments and even one quadruple 
range voltmeter, also choice of external 
multipliers or special deep-case instru 
ments for continuous duty on voltages 





above 300 volts. Seale length is 5! 


pointer-reflecting mirrors are standard, 
and elimination of all metal other than 
wires eliminates frequency, wave-form 
and power-factor errors at all com 
mercial frequencies. Astatic properties 
are obtained by electrical design: two 
moving and two field e’ements having 
reversed-winding connections, also by 
mechanical construction: no space be 
tween the two moving coils, so that ef 
fects of external field are equal and op 
posite. Temperature influence is mini 
mized also by electrical means (low 
ratio resistance in voltmeters, balanced 
coefficients in ammeters) and by me 
chanical means (spring material with 
compensating coefficient) so that tem 
perature error is negligible. Size, 4” 

64," X74"; weight, 414,” lbs., except “spe 
cials” mentioned above. The Hickok Elec 
trical Instrument Co., 10514 Dupont Ave 
Cleveland, Ohio. 


Out-of-Step Relay for 
Synchronous Machines 


A new relay to prevent continued op 
eration of synchronous machines out of 
synchronism with their connected sys 
tem (or to separate large interconnected 
systems at a specific location in the event 
of an out-of-step or unstable condition 
between the sources of power on both 
sides of this location) consists of an in 
stantaneous overcurrent unit, a_ single- 
phase power-directional unit, an auxili 
ary unit to increase the operating speed, 
a notching device, and a time-delay ele 
ment for resetting the notching device. 
All these are mounted in a_ standard 
5Y,”x16” universal case. A _ capacitor 
and resistor for the notching unit are 
mounted externally. New device operates 
on an overcurrent and power-directional 
principle: When two synchronous ma- 
chines, or groups of machines, pull away 
from each other in phase angle, the cur 
rent and power interchange increase. 
When this action proceeds far enough, 





i.e., approx. 90° between inte: V 
ages, the over-current unit pick i 
contacts to energize the armat 

circuit of the polarized auxilj 

\s the phase angle continues 

crease, the current likewise incre 

the power interchange decrease: 

about 180° between internal vol} 

power reverses. This causes t} 

directional unit to function and 

the closed contacts of the auxili 

causes the notching device to 

one notch. At 540° the second 

stepped up and et 900° the thi: 

ing main contacts in the circuit 

tripping circuit to disconnect 

chine. A target gives visual in 

after operation; the contacts 

matically reset after a time-ck 

the target must be reset manua 

notching unit, in each of its note! 

closes contacts in the coil circuit the 

timing unit. This coil circuit a 

cludes the normally-closed cont 

the overcurrent unit so that when th: : 
first notch is made and the over: 

unit drops out as the angle app 

360°, the timing unit begins to oper 

If the overcurrent unit fails to receiv 

another impulse within the time si 
of the time-delay unit, the contact 
be reset. This same action can tak ce 
after the second notch if the prot 
machine slips two pairs of poles un el 
stabilizes. It will always occur after { 
closing of the contacts on the third note! 
has tripped the circuit breaker.—G 
Electric Co., Schene ctad y, ed 


V olt-ohm-milliammeter 


Wide-range testing capabiliti: 

handy portability characterizes “Mo 

740” Volt-ohm-milliammeter, a si | 
tester addition to the “Ranger-| 

iner” line of testing instruments e¢ 
Instruments, May 1936, page 125, J 

1936, page 153), The new unit 

Triplett precision instrument with scale 





10-50-250-500-1000 volts 
and d-e., at 1000 ohms per volt; 
accuracy 2%; a-c. 5%); 1-10-50-251 
milliamperes ; 0-300 low ohms, high 
to 250,000 at 11%, volts: provisiol 
higher resistance readings by addi 


readings: 


of external batteries. Metal case 
black electro-enamel finish mea 
5%" K 1%" X 44%”. Built-in com 
ment with snap-on cover holds all 
sories. Panel is silver and black. C 
ing handle folds against side of 
when not in use——The Readrite M 
Works, 3212 Harmon Drive, Bluf 
Ohio. 
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Ma for New High-velocity 


\\ .od of Impact Testing 


d failures of materials when 

» impact speeds of more than 
led to a series of investiga- 
Watertown Arsenal which 

a previously unrecognized 
hetween static and dynamic 
ting to importance of consid 
ity factor if true dynamic 
of materials are to be deter 
| leading to development (by 
nn and Capt. R. K. Haskell) 
» machine capable of (1) pro 


ducing velocities up to 500 ft./sec., (2) in- 
dicating the exact speed and (3) indicating 
the energy absorbed to break the speci- 
men. Machine consists of two separate 
‘+s: pendulum as means of measuring 
energy, and rotating wheel and related 
parts which serve to develop necessary 
Kinetic energy and controllable velocity. 
[hese two systems have no interconnec- 
tion except through specimen during pro- 
cess of rupture. A 15 h-p. motor brings 
wheel up to speed and, at desired veloc 
ity (indicated by tachometer), external 
mechanism is tripped, causing specimen 
to be struck and ruptured. Pendulum 
is normally at rest, moves only as result 
of impulse imparted to it through test 
specimen. Data service: Purchasers are 
isked to forward such results as they 
ire willing to disclose on SAE. steels 
periodically to Arsenal, where H. C. 
Mann will edit digests which will be dis 
tributed quarterly by Riehle Div. to 
codperating users.—Riehle Div., Ameri 
can Machine & Metals, Inc., 100 Sixth 
ive, N. Y. City. 


Manual Voltage Regulator 


\n improved voltage regulator for 
a-c. circuits, known as “Type TH 
Transtat,” is available in various stand 
ard sizes for controlling voltage to loads 
up to 2.5 kva. on either 115- or 230- 
volt lines. It permits control of voltage 
from practically zero to normal line po- 
tential with maximum rated current ob- 
tainable at any setting, also stepping up 
output to values considerably higher 
than line voltage. The control throughout 
the entire range is by uniform increments 
of the order of 0.5 volt each. Equip- 


ment is said to have no effect upon 
power factor, nor to cause wave-form 
distortion, line surges, or interference 
t lio receivers. It consists of a 
r rmer coil surrounding an annular 
ste ire and a carbon brush arranged 


it may be rotated in continuous 
with a commutator formed on 


the iding by removing insulation from 
the ‘e in a narrow track around the 
cir rence. In this design voltage is 
var by rotating the brush which 

























makes contact between the transformer 
winding and the load. As direct contact 
can be made with each turn of the 
winding, “continuous” control of voltage 
is possible-—American Transformer Co., 
178 Emmet St., Newark, N. J. 


Motor-operated Timing Devices 


Several motor operated timing devices 
have recently been added to makers’ line 
of timing devices which also includes 
thermal, inertia, air dashpot and capac- 
itor types. One of these is of the 
immediate recyeling type: the synchron 
ous motor of the timing device drives 
cams through a chain of gears. At the 
time the starting impulse is_ received, 
the motor starts and a_ solenoid is 
energized to operate a clutch which con 
nects the cams to the motor. At the end 
of the cycle, the motor is deénergized by 
means of a contact on one of the cams, 
and the clutch holds the cams in posi- 
tion. When the solenoid is deénergized, 
the cams are returned to the starting 





























position by means of a spring. The tim 
ing is adjustable over a wide range and 
practically any desired arrangement of 
load contacts may be furnished. Another 
new timing device (illustrated) is of 
the continuously rotating type: by means 
of gears, the cams are made to revolve 
at 1 r.p.m. or any other desired speed. 
The contacts may be arranged to be 
closed for any duration up to half the 
time required for one revolution if the 
timing is adjustable or up to the full 
time required for one revolution if the 
timing is not adjustable. Almost any 
desired number of adjustable or non 
adjustable contacts may be furnished. 

Struthers Dunn Inc., 125 No. Juniper 
St., Philadelphia, Pa. 
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A 
COMPLETE 


MEASUREMENT 


and 


CONTROL 
SERVICE 


Republic Flow Meters Co. offers a 
complete engineering and manufac- 
turing service in the field of meas- 
We will be 
glad to cooperate with you in the 
solution of any metering or control 
problem, whether it involves a sin- 
gle instrument or complete equip- 
ment for an entire process or plant. 





ELECTRICAL FLOW METERS 


MECHANICAL FLOW METERS 


CO. METERS 


DRAFT and 
PRESSURE INSTRUMENTS 


THERMOMETERS 


LIQUID LEVEL 
INSTRUMENTS 


MULTIPLE READING 
INSTRUMENTS 


MASTER PANEL BOARDS 


COMBUSTION 
CONTROL SYSTEMS 


REGULATORS 
REGULATING VALVES 


DESUPERHEATERS 





2249 Diversey Parkway 





We will be glad to send you Data 
Books, giving complete descriptions, 
on any of the above equipment. 
Your inquiries involve no obligation 
on your part. 


REPUBLIC 


FLOW METERS CO. 


Chicago, Illinois 
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ardness and Hardness Measureme; t¢ 





By S. R. WILLIAMS 
Professor of Physics, Amherst College 


PREFACE 
COWARD the close ot the World War. the 


neering Division of the National Research Coun 


Engi 





cil formed a special committee for the purpose of 
making a critical study of the apparatus, the methods 
of procedure and the results obtained by the different 
instruments employed in measuring mechanical hard 
ness. Among other duties the committee was asked to 
report on the possibility of formulating a general defi 
nition of hardness. It was as a member of this special 
committee that the author, a physicist, became interested 
in what then seemed to be largely a metallurgical 
problem. 

Fundamentally, hardness, so-called, rests on various 
physical properties and its measurement is a problem 
for the physicist as well as for the engineer. No 
physicist need apologize for displaying a curiosity about 
‘Hardness and Hardness Measurements,” though it 
seems fair to say that metallurgical engineers up to the 
present time have studied the problems connected with 
hardness more assiduously, and have devoted to these 
problems more space in their writings, than have other 


groups. 


For more than twenty-five years the author has 
been engaged in a study of magnetostrictive effects. 


effects 


changes in dimensions and in forms are produced by 


These are the magneto-mechanical whereby 
subjecting materials, particularly ferromagnetic bodies, 
to the influence of magnetic fields. Magnetostrictive ef 
fects are intimately associated with the physical prop 
erty of hardness. When in 1923 it was found’ that me 
chanical hardness could be altered by magnetic working, 
the study of the relations between magnetism and hard 
ness entered upon a most alluring phase. This interest 
has been greatly enhanced by the valuable and construc- 
tive work of E. G. Herbert” of England, who has con 
firmed and extended the idea of magnetic working of 
metals. 

The National 
ness laid out at its first meeting a comprehensive pro 
gram of study, the importance of which could hardly be 


Research Council’s committee on hard 


overestimated. It is unfortunate that the work so well 
begun had to be discontinued when the committee was 
finally disbanded for lack of funds. 

If reasons for writing this serial are necessary, they 
ire 

a) that 
and hardness measurements may be 


(6) that a more general outlook on the problem may 


an active study of the subject of hardness 
revived ; 


be promoted. A theory of hardness, to be comprehen- 
sive, must apply to all solids. There is danger that the 
metallurgist may limit himself to metals, or the mineral 
ogist to his minerals; 

c) that by bringing together our present literature 
it may 1, focus attention on the need of further study 
of this very important subject; 2, clarify present day 


conceptions of hardness as a physical property of solid 


S. R. Williams A Correlation Between the Mechanical H 
und the Magnetostrictive Effects of Ferromagnetic Substances. 77 
tions American S§ ety Stee reatiy Vol. 5, 1924, pag 68 
2E. G. Herbert. Hardening Metals by Rotating Magnetic Fields. Pr 


eedings Rov Yoctety f ndon (Series A), Vol 30, 193 
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matter; 3, suggest a comprehensive definitio: 
lead to a more unified method of measuremen 
goal is worthy of further consideration, ey 
not attainable. 

If the author of this serial 


tions in the minds of his readers. which he hi 


should ralse I 


not answer, but which induce the readers to beg 
and basic researches on the problems of hard 
hardness measurements, these pages will hav: 
This hard: 


hardness measurements is a pioneer attempt on 


useful purpose. small treatise on 


of a physicist to clarify concepts of hardness and 
prove the methods for measuring hardness, cl 


property exists. 


INTRODUCTORY 
NE arises in the 


‘How comfortable that bed was! It was so s 


sometimes morning an 

Or it may be the opposite, “Gee, wasn't 
hard bed!” 
termined? Evidently the more easily one’s 
into the softer the bed felt. Penetrati 
then, is the factor whereby the hardness of a bed 


By what 
} 


mattress the 


judged. 

“As soft as a baby’s skin” is a common simil 
case the basis of judgment is not so much penetrab 
as surface smoothness. The resistance to sliding 


friction between the surfaces of one’s hand and of 


} 


baby’s skin has entered as a factor in making the 


cision between hardness and_ softness. 


powder which “‘hasn’t scratched_yet” is a softer on 


the one which does scratch porcelain and enam 
The ability of one material to scratch another, then 
one more criterion whereby the relative hardnesses 
two bodies may be judged. The more abrasive one |x 
Nevertheless, sa\ 


Saying 


is than another, the harder it is. 
that a surface is “smooth as glass’ is not 
the surface is soft, for glass is not a soft body. In 
“glass hard” is a term used to designate a high d 
of hardness. In the case of one body scratching anot! 
some point of the harder body has penetrated the s 
body and in such a way as to tear off some of thi 
ticles of the latter or permanently to displace thet 
side or the other. Thus, with certain modificatior 
ability of one body to penetrate another seems 
criterion whereby relative hardness or softness is 
mined in our every-day experiences. Resistance: 
tration may, therefore, serve as a preliminary det 
in approaching the subject of “Hardness and Ha 
Measurements.” This definition has at least an | 
and subjective basis to make it worthy of consid 
As the story of hardness and hardness measure! 
folds, it will be observed that this definition 
means comprehensive. It is not a definition of 
lute hardness,” if by that expression we mean 
whose definition is arbitrarily agreed to by an 
itative body and universally employed in all 
ments of hardness. Nevertheless, people in g¢ 
derstand what is meant by the term hardness. | 
as used in common parlance fits in with the mor 


t} 


“measuring rod” was comfort d 
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f mechanical hardness as understood by the 
and the engineer. This is by no means saying 
one understands what hardness is or that it 
some specific property of matter. In a recent 
he author pointed out seriatim that the method 
iring hardness by an indentation method rested 
ur specific factors at least. Other methods will 
« other factors. Hardness cannot be reduced to 
even a few simple factors. Hardness, like the 

properties of iron, is exceedingly complicated 

should not deter one from studying and dis 
those properties. A defeatist’s program does 
no rry one very far. 

Some of the modern text books of general physics 
levote at least a short paragraph to the discussion of 
hardness, and books on metallography” at least one 
hapter. This indicates in some measure the relative 
mportance which physicists and metallographists, re 
spectively, attach to this property of the material uni 
The mineralogist* also employs hardness meas 


verse. 
urements in the classification of minerals and devotes 
not a little space to the methods used in its measure 
ment. Early observers in the field of hardness measure- 
ments, Mohs, Réaumur and Haiiy, were mineralogists. 
Both the metallurgist and the mineralogist are inter 
ested in hardness measurements, simply because they 
serve as tools for the classification of materials and 
the standardization of products. They are not funda 
mentally concerned with the property of hardness per 
se, except insofar as better understanding may con- 
tribute better methods for its measurement. This throws 
the burden of a better understanding of hardness back 
on the physicist where it rightly belongs, for the physi 
cist is certainly concerned with the physical properties 
of matter, which underlie the thing we call hardness. 


Judging by the space given to the study of hardness 
of materials, the physicist has not recognized it as one 
of the essential properties of matter; the engineer has 
believed it to be of fundamental importance. The physi 
cist has talked about hardness, but has done nothing 
ibout it. This is a deplorable situation in view of the 
fact that modern physics has many useful tools and 
theories to throw light on the question as to whether 
there is such a thing as “absolute hardness.” 


(here are all sorts of conceptions as to what consti 
tutes hardness if one may judge by the methods em 
ployed to measure it. There is hardness as measured by 
penetration, by scratching, by resilience, by machina 
bility, by yield point, by electrical and magnetic prop- 
erties and by many other related physical properties. 
Even if the definition of “absolute hardness” cannot be 
realized, it will be of some value to make clear, for in 
stance, what sort of hardness is needed in a good cut 
ting tool for use on a lathe, a milling machine or a 
shaper. The machinist knows he has a good cutter. Can 
the physicist or the engineer tell-him exactly why? Such 
' possibility would be a real step forward in our under 


standing of what hardness means. The importance of 


understanding the significance of hardness tests cannot 


no other tests on materials approach in numbers the 
made under the name of “hardness tests’’ as the 


Williams. The Measurement of Hardness, Instruments, Vol 


ges 221-223. 
Duff. Physics, 7th Ed. Blakiston, Philadelphia, 1932, page 
efiries and R. S. Archer. The Science of Metals, Ist Ed., 19. 
1, 403-448. 


the Ore 


Yalmage. Quantitative Standards for Hardness of 
, > +52 


Economic Geology, Vol. 20, 1925, pages 531 








criteria whereby materials may be classified or selected 


© overestimated. It is a conservative statement to make. 


for special purposes. 

In an excellent article by Tuckerman’, an Engineer 
physicist of the National Bureau of Standards, the im 
portance of discrimination between these relative values 
of hard and soft materials is brought out in this state 
ment: “Nobody doubts that the hardness of the diamond 
is one of its most important physical properties, nor 
that it is necessary to accurately control the hardness of 
metal cutting tools or of balance knife edges, nor that 
the difference between ‘hard’ and ‘soft’ glass is of very 
great technical importance, nor that there is a great dif 
ference between ‘hard’ and ‘soft’ woods, or between 
‘hard’ candy and chocolate creams, a difference which is 
of considerable commercial importance.” 

There are two fields in which hardness measurements 
are particularly important: 

1. Determination of the suitability of a material for 
a certain purpose. It is important to know whether the 
hardness of the ball races and of the balls themselves 
in ball bearings is sufficient to make them fit for bearing 
purposes. Lead balls and races would not last long be 
cause they are too soft; hardened steel serves much bet 
ter for bearing materials. Here an absolute hardness is 
not essential, if once a bearing material has been found 
whose hardness has shown it to have a proper bearing 
quality. Of course, the acid test of materials is their be 
havior in actual use. Once such a specimen is found, its 
hardness may be used as a standard and all other pieces 
to be used for the same purpose may be accepted or r 
jected on the basis of comparative tests. The author has 
reports from several manufacturing plants in which this 
procedure is followed. It seems to be the best procedure 
available at the present time. Comparative tests, then, 
satisfy every purpose in testing for suitability. Many of 
the tests mentioned three paragraphs above would fulfill 
the conditions for making these relative measurements. 
Hardness tests are used at every step of the way in de 
termining whether the various materials which go into 
an automobile are suitable for the component parts of 
the completed machine. 

2. Maintenance of uniformity of product constitutes 
the second great use of hardness measurements. In a 
sense this is but one phase of the first important use to 
which hardness tests are applied. 

In reply to an inquiry, the late Dr. George K. 
Burgess, Director of the National Bureau of Standards, 
wrote,” “We have been working on the relation between 
the Rockwell and the Brinell numbers and have de 
veloped conversion formulas which give reasonably ac 
curate resul's. The average error in converting from 
one to the other is about 5 percent and the maximum 
error is about 10 percent. Perhaps the most satisfactory 
way to look at the matter is that none of these methods 
measures the true hardness of the material. Of courss 
everything depends on the definition you accept for 
hardness. Each of these methods, however. does have 
practical use in the metal industries and the fact that 
one cannot be converted into the other, simply shows 
that the hardness as measured by one of them is not the 
same as the hardness measured by another. We have. 
therefore, avoided using the term ‘hardness’ in refer 
ring to the results obtained by the tests we have made 
We speak of the ‘Brinell number’ or the ‘Rockwell num 

5L. B. Tuckerman. Hardness and Hardness Testing. M 


ering, Vol. 47, 125. pages 
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ber’ and not of the ‘Brinell hardness number’ and ‘Rock 
well hardness number’.”” Tuckerman” points out that 
there are no reliable conversion tables connecting 500 


Kg Brinell hardness with 3000 Kg Brinell hardness, to 
say nothing about the difficulties of attempting to relate 


Mohs Brine l] 


It therefore follows that to correlate various methods 


hardness scale with hardness. 
of measuring hardness is not so important as to stand 
ardize some particular method that will lead to definite 
specifications in the production and inspection of finished 
articles. The crying need is that out of the many ideas 
now involved in the term “hardness” there should event 
ually emerge an absolute method which will enable hard 
ness to be included among the specifications of th 
physical properties called for in the finished product. 
In a physics laboratory one may use a first class 
galvanometer and make comparat.ve measurements. It 
may serve in a use ful capacity its role as a comparator. 
However. such an instrument can be calibrated in terms 
of absolute units. When so employed it has a wider 
range of usefulness and the observer can talk more in 
telligently about his results when using absolute units 
than when employing relative measures. Lord Kelvin 
once said, “When you can measure what you are speak 
ing about, and can express it in numbers, you know 
something about it; and when you cannot measure it. 
when you cannot express it in numbers, your knowledge 
is of a meager and unsatisfactory kind; it may be the 
beginning of knowledge, but you have scarcely in your 
thoughts advanced to the stage of a science.” 


This the 
should strive in the measurement of hardness, the ability 


seems to writer a goal toward which we 
to express hardness in terms of an absolute scale rather 
than in relative terms. The history of the establishment 
of units in any field of measurement has been that of a 
group meeting together and agreeing that such and such 
a physical embodiment shall serve as the standard unit. 
The agreement that a 
should serve as the international standard of length is a 


certain platinum-iridium bar 
good illustration of this point. Such an agreement can 
never be secured until there is a clear, definite under 


standing of the thing or property which is to be 
measured. 

One other question might be raised at this point: 
Would it clarify our thinking if we eliminated the word 
“hardness” from our scientific vocabulary? The author's 
point of view is that the term is so firmly entrenched in 
our everyday vocabulary, that we wouldn’t go far before 
we began to use it again. For instance, one could talk 
about measurements of penetration, or measurements of 
machinability, scratchability and other terms already 
used. Whatever we call it, back of each measurement is 
a something which we might just as well call hardness 
from the start and keep on calling it that, until we know 
something about it. 

Socrates: But 
names when we have realities of such importance 
to consider? 

Gravucon: Why, indeed, when any name will do 
which ; the thought of the mind with 
clearness? 


why should we dispute about 


expresses 


Plato: “The Republic.” 
Friction is the resistance to motion which one surface 
offers to another as the two surfaces slide past each 
other. Friction is a function of the physical condition of 
the surfaces which in the end does not rest on any one 
physical property. As an illustration, there is a great 
deal of friction between two pieces of sandpaper when 
they are rubbed together. The friction will, in general, 
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depend upon the size of the grains of sand 
been used. Not only does the size of th 


important rdle but also the condition of ¢} 


whether they have rounded-off corners or 4 
In the case of a steel shaft rotating in a phosp! 
or in a Babbitt metal bearing surface, th 
which the shaft turns depends upon the orig 
given to the two bearing surfaces in contact 
the molecular structure of the materials. No 
the final polish, there will be some friction 
molecules of one surface dropping into the 
between the molecules of the other surface. As 
ing is used the steel shaft itself becomes sm 
cause of the process of cold working which 
the the shaft. It is hardened 
process and smoothed out and thus makes th 


less than at the start. In spite of these variou 


surface of steel 


which affect the resistance to motion arising fy 
tion, we have worked out a fairly satisfactory 
of friction which we express as a coefficient of 
Can one work out a coethcient of hardn Ss? P 
the end it will be a coefficient of penetrability, | 
ever it is, it will rest upon several physical p 
and not 


upon one, 


There are several mechanical devices which ¢! 
call They 


machines for testing the suitability of materials { 


facturers “hardness testers.” are Ww 


nite purposes. In our present state of knowledg 


not know all the factors which control the tests fo 


bilitv, whether we call them hardness tests or t 
penetrability. Wouldn’t it be worth while in 


“hardness tester’ to know more about the physica 
erties which enter into a test for hardness and mal 


machine with which the test is‘made so valuab] 
Junct in any manufacturing establishment? Th 
believes such a study an important one. 


We 





Tell Others 


about “Williams 
on Hardness” 
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raining Your Own Instrument Men 


By ALFRED G. MOON 


~y N the preceding article* the writer dealt chiefly with 
* organization but undertook also to outline industry’s 
i need for trained instrument men, and indicated the 
‘culty of obtaining such men in the open market. ‘The 
sent article describes in detail a three year appren 
ship course which has proved successful. This course 
1s designed primarily to train men to service instru 
its in an oil refinery but the same general plan would 
ipply also to any large plant in any of the processing 
ndustries. It can easily be modified: its divisions of 
otted time can be made to fit the industry, the par 
ticular plant, and the types of instruments in use. 


- 


BASIC CONSIDERATIONS 

Before deciding on the details of any training course, 
three important basic factors must be considered: 

1) Do the needs of the plant require that the instru 
ment mechanics be specialists—each familiar with one 
make—or all-around men who can service any of the 
makes used in the plant? The first type can be more 
easily secured but more of them would be needed in a 
large plant where different makes are used. At present, 
most control boards installed in plants have five or six 
makes represented, and this variety will probably con 
tinue to be the rule for some years to come. Not much 
imagination is needed to visualize the confusion that 
would result if five or six men had to be called on when 
ever one control board had to be serviced. We therefore 
favor the all-around type of mechanic who, when trouble 
develops in any instrument on the board, can fix it—be 
it mechanical or electrical; indicating, recording or con- 
trolling; flow, temperature, pressure or liquid level. 

(2) The physical layout of the plant, the instrument 
scattering or concentration, and the division of types and 
makes represented, must all be considered in determining 
the major division of the training course total time into 
sub-courses and periods. The types and makes of instru 
ments represented must be tabulated numerically, and 
the time divisions assigned not only on the basis of nu 
merical proportion but also with due consideration of 
the subject-matter to be learned by the mechanics. 


(3) The course must be broad enough to include all 
the instruments used at the plant, from the simplest to 
the most complicated types. If the men do not have a 
broad base on which they can build their future experi 
ence and practice, we shall end up with mechanics who 
will not be able to solve problems as they arise, and in 
some instances will not be able to determine whether an 
instrument is performing as it should. 


QUALIFICATIONS OF CANDIDATES 

In selecting candidates for training we felt that: 

(a) The apprentices should be young men who would 
be willing to stick through the entire training period, 
ind not become impatient as older men might. 

5) Single men should be preferred, because men hav 
ng home responsibilities might not be mentally free to 
ibsorb the instruction, nor be in position to support a 
‘amily on apprentices’ wages. 

(ec) A high-school education which included trigonom 
try, algebra, plane and solid geometry and physics was 


_ A. G. Moon. Organizing the Plant Instrument Services. Instruments 
ol. 9, Dec. 1936, pages 331-334. 


the minimum educational requirement. This would en 
able the candidate to follow and understand the prelim 
inary instruction until his studies at night school had 
carried him further along. We realized that technically 
trained men would make the best candidates, but decided 
against enrolling them, as we wanted instrument me 
chanics who would be more apt to be content to make 
their life’s work in this field. A technical graduate with 
the proper amount of ambition would eventually look for 
wider fields. Accepting mechanics from other lines was 
regarded as risky because, if they had the proper educa 
tional background and had learned a trade, they wer 
likely to have family responsibilities and not be content 
with an apprentice’s pay. 

(d) Good health, straightforward appearance, alert 
mentality were requirements for admission. The wiry, 
nimble type were preferred to the heavy, slow-moving 
men, as being apt to handle small and delicate parts 
more readily. (It may be noted, however, that one is 
easily fooled in this regard. The writer has in mind two 
mechanics whose physical appearance leads one to think 
of heavy muscular work, but these men have a most 
delicate touch, ‘and are expert at micro-manipulation of 
parts under a powerful glass.) 


(e) We looked also for signs of ambition, self-assur 
ance and “aggressiveness.” These qualities we judged 
with the thought in mind that the instrument mechanic 
must work with and satisfy the operator, who might be 
wrong in his idea, severe in his criticism and yet must 
not be offended by a know-it-all attitude on the part of 
the service man. 

DIVISIONS OF TIME 

The total length of time necessary to impart the r 
quired basic information and training was arrived at by 
considering what had to be covered to establish the type 
of mechanic needed by our plant. A three-year course 
was fixed as the minimum requirement and the men 
would be rated as third-class mechanics. The difference 
between a third-class man and the higher grades, we 
feel, is a matter of experience and successful demonstra 
tion of ability to coéperate with all types of operators 
after the apprentices are on their own. It is our thought 
that it will generally take at least two years after fin 
ishing their course before the men can be rated as first 
class mechanics. 

The time schedule was set up to cover the work in th 
plant on a basis of 6,000 hours; in addition we required 
night school work. Incidentally, the cost of these night 
courses is borne by the men themselves,—the company 
does not share in it. The men are eager to have the train 
ing given by the company and therefore meet this re 
quirement willingly. 


The division of time in plant work was made as 
follows: 


hours 
1. Mechanical Laboratory Shop—Mechanical Sec..... 750 
2. Mechanical Laboratory Shop—Electrical Sec....... 1000 
BR NO x ke os ccen dk dea dsivenindeocedcesedencocons 1920 
bh; Pieet Section: D . ..05...6scccceeccsss. 900 
~» 


aie a oo eiscccodudcaccecuencbanees 1100 





6. Lectures 200 
7. Visits to instrument manufacturers.....................06. 130 
cig NSE A ney OE See Sean oe 6000 
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Ihe division of the time allotted to each section was ). Plant Section “C” 



















































































made on the basis of the relative importance of instru Instruments in Plant Group No. 1.0.0.0... 9: 
ments in each section and the predominance of various Instruments in Plant Group No. 2........ i 
types. These divisions were made as follows: Instruments in Plant Group No. 3 se 
. Instruments in Plant Group No. 4....... in 
1. Shop—Mechanical Section hours shige : - Bers Be ; (oO 
Instruments at Still No. 6......................0060.... ' On 
Indicating gage repair & calibration..... is 150 Instruments at Boiler House No. 3............... 00 
hermometer checking & standardization.................._ 100 Instruments at Yard. General... 50 
2 an " . . > air i cnN 7 , 
Recording instrument re PAIT oe eeeeeceeeeseeesenerecesesessesees 100 in ioe PEt on 
Displacement meter repair.. 75 
Thermocouple fabrication ......... eT Se U. Lectures 
Control valve repair .. dade seoes OO The foregoing field work is supplemented by 
General shop work rep yy 125 of lectures and demonstrations covering th pe 
l'otal ; 750 the course. These lectures are one hour each, og 
eT ge hele li 
Name Check No 
patLt Report “ ssponatont Location 
_— recast ['"=--—e Eee ——_——— 
~e oan nstruments 2 HOURS 
“~ —_ = r a | Yr + 1 T y 
tt jt} 4 
+—+—++ +—}+-—_ 
rare a 
eS es ae 
=e oe ee 
= A ee 
Trt) 
Sees 
a { si | 
ct 
| ae Re te a 
Fig. 2 
Fig. 1 
company time. Home study and class tests are par 
the routine, dependent on the decision of the individua 
2. Shop——Electrical Section hours giving any particular series. 
: ; The lecture periods are divided as follows, each gro 
Indicating, recording. controlling, potentiometer , ; : ee . 
‘iis : : of lectures being given by a specialist, selected from th 
repair, changing & standardization........................ 400 eee . 
‘ plant supervisory force and some guest speakers 
Marine instruments—gyros, etce......... oe eet ... 150 . 
a , a er nt repair 200 ; : 
Switchboard & test instrument repair........ cssseeeeee ZOU Application and measurement of pressure.. 
‘he . > wire é ‘ ization . "5 oe 3 
lhermocouple wire standardization i” Iheory and measurement of temperature... 
Special instrument fabrication..... +e oe le 100 Vheory of fluid floW ....c.ccccccccccsecseeeseee ae 20) 
1. ; . * A rN . “a ° 
Planimeters ie Cheory of orifice design.................. RE a > © Oe 20 
otal josgneepoks Per Basses aigencnadioe wise cee Mechanical instruments ......................00cee00ee 4() 
Theory of combustion....................... 0 
*Not strictly electrical, but checking and adjustment of planimeters : : 
ised by the Accounting Department has always been done by the met Boiler instruments .................... U 
n the electrical bench . : . » 
Electrical instruments : 
> Plant Section “A” hours Operations and processes................. 
: N LAR Sete See. eee at eee em MEN Te ahs OK Ol 
Instruments at Still No. 1. ees ... 400 
Instruments at Gas Plant.. So ty 400 ). Visits to Instrument Manufacturers 
— . , Yas if ” ‘ » . . vr . 
Instruments at Still No. 2............ 300 Just before the completion of the specified cou 
Instruments at Still No. 3......... Rare kn 400 is desirable to have the apprentices spend som 
Instruments at Boiler House No. 1 ....... ...... 200 the plants of the suppliers of the more numerous | 
; .d. There they will have a chance to codrdinat 
Instruments at Yard, General................ .... 220 used. There they will have a chance to ct rd 
they have learned of each make, and be instruc 
nm, 09 . 
otal .. oe eoeiese 1920 some measure by experts whom they probably co 
, ec gpor otherwise meet. The time is divided as follows: 
|. Plant Section “B hours 
. . . +) 2 . “6 ” 
Instruments at Still No. 4.. 300 Manufacturer “A 
Instruments at Still No. 5... 100 Manufacturer “B” 
Instruments at Gas Plant..... 100 Manufacturer ‘‘( 
Instruments at Boiler House No. 2.. 150 Manufacture’ “D 
Instruments at Yard, General. 250 Menufacturer “FE,” 
l‘otal . ; 900 ‘otal 
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SUPPLEMENTARY EDUCATIONAL WORK 
‘ted above, the men accepted were required to at 
ght school, and the time divided as follows: 
Year: At a trade school, taking chipping, filing 
mple bench work, in order to become familiar with 
el of tools and working to dimensions. 
nd Year: At a technical night school, taking as a 
im. elements of engineering mathematics and 
nical drawing. Those contemplating working for 
tificate in Mechanical or Electrical Engineering 
| take what the school required. 

rd Year: Minimum requirement, elementary elec 
ty and hydraulics, or continuation, with studies pre 
ved by school for engineering certificate. (It is 
fying to note that half of the men elected to study 

a certificate, which requires six years’ night school 


y 
Pat 


work. ) 








INDIVIDUAL APPRENTICE RECORD 











an JN it SHOP—ELECTRICAL 
B Name 
= Check No. 

300 [7 Date Started 


Date Finished 


























y 
“ “i. Remarks 
= E 
> 200 —4 oC —— 
fe) : 
I 4s 4 
2 
Lie fit 
= 
aS }-— - 
Uv - 
100 4 + = £ “ 2 
. a 
= Lis © 2 2 2 
£ £ va gsi i 
= = y 5 3 = ° 
oT? Le FEE 
i = 7 
a = 
OG Nua = 
Fig. 3 


SUPERVISION OF TRAINING 

Having set the time divisions and laid out the course 
of study and work, the next decision involved how it was 
to be applied. We have always believed that doing work 
taught faster and with more lasting results than merely 
demonstrating. We could not carry a group of eight men 
around from one operation to another without defeating 
the aim of the course. Consequently, we started with one 
in Shop-Mechanical, one in Shop-Electrical, and two in 
each of the three plant sections. 

The problem of keeping track of these men now arose. 
To accomplish our aims we must watch that each man 
spends the scheduled time properly, is moved when his 
time is up, receives time on the various instruments in 
each minor group, is guided properly along the path of 
experience, and is not taxed beyond his ability to per 
form in the beginning nor allowed to act as a helper 
when he should be on his own as he progresses. In order 
that the detail involved in all this could be properly cov 
cred, one man was made responsible for following the 
progress, ordering moves when due and reporting any 
endency to keep a man too long on some particular 
phase of the training. This latter tendency is only natu 

il on the part of a field foreman when he finds a man 

tting good at one thing. 

In keeping track of the apprentices’ work and prog 

ss the Daily Report shown in Fig. 1 is filled out by 

ch apprentice and sent to the office. 

These daily records are entered on a card for each 

in, Shown in Fig. 2. 

Once a week the accumulated hours are transferred 


t block diagram for each section. This enables the 


Supervisor and General Foreman to see at a glance how 
the man’s time is progressing in each minor group. These 
diagrams form the basis for periodic notice to the field 
foremen as to where the men shall be placed. A specimen 
diagram is shown in Fig. 3. 


A summary diagram is maintained and, as the block 


representing the total hours for each major division is 


reached, the man is moved to the next stopping place. 


This diagram is illustrated in Fig. 4. 
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At the outset of the course the apprentices in the field 
were not provided with tools, nor were they permitted 
to do more than help the various mechanics to whom 
they were assigned. At the end of six months they were 
given a few of the larger tools, such as those used on 
pipe work, and allowed to work under a mechanic's di 
rection. At the end of the first year they were given the 
tools necessary to do the simpler jobs on instruments 
At the end of the second year they were given a com 
plete kit and assigned to regular routine; only when 
moved into a new section did they have a regular me 
chanic with them, until they acquired the necessary fa 
miliarity with locations and operations. 

PROGRESS REPORTS 

We regard the rating of the progress of the embryo 
mechanics as an important function of proper super 
vision, and have tried to make it as fair as possible. We 
rate the men every six months, and report the results to 
the man himself and to the plant Personnel Division. 

This function is obligatory, in a sense, because each 
man was told that he would have to maintain a satisfac 
tory standard or be dropped. We started with eight men, 
dropped two for not holding up at the end of eighteen 
months (third rating period), and warned one. At the 
end of the fourth rating period this man had shown great 


improvement and was retained. 
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———s = a It is time that one of the first-flight technica] , 
| Wane Dot established a post-graduate course in Industria] 
ruber 999 Instrumentation. Such a course, correlating the ne: 
3 =e | RPSULT AS theory acquired by the student along proper lin: 
REPORTED supply the instrument designers and superviso 
oie mcleplenieeiap ice) will be required in the future. A supervisor mu 
meee BiAItCIC B a good technical foundation on which to build and 
acmnaeiiemeers* LA & 4+ “J have experience in actual plant work in addit 
iotia — B c | vb B | | Cc knowledge of instrumentation. 
ability to Lean |B | GB | C | B | mi C+ One cannot over-emphasize the costly conseque: 
ecinaiianatle B iv ipl c lA! 7 = improper or inadequate instrument servicing. W; 
<a Sali Po oy eee es oe — : of two plants, identical in every respect excep! 
Accuracy {¢ ol hal SK eT ie. — matter of instrument maintenance. Plant “X,” w] 
| Speed " _|2- c|B | Br Cc -= Cr ; struments are taken care of by mechanics whos p 
Reliability Als —_ Cel B | | B training and interest are in other fields, is satisfi 
es — p+ st + . 7 cause they have attained 70% of the design cap 
Ben somata atic | 6 [8 we = | Plant “Y,” where the instruments are serviced by tra 
Judgnent B T Cc [e-[s A-| B instrument men, operates at 140% capacity consiste1 
| “aa “Tele [er] 6 [e+] | a Another instance is that of a plant where costs 
i — — ae = being proportioned on the basis of flowmeter records | 
a 77 4. were perfect circles—too perfect, in fact: the pre 
L tight bearings had been “frozen” fast, but no on 


thought of equalization. An instrument in this cond 


Fig. 5 is worse than no instrument at all. Some years ago 

were called in on a sick boiler plant; the real troubl: 
In rating the men, the Course Supervisor goes to each in the false information given by improperly-installed 
foreman who has handled the men and also gets the opin instruments. Thermocouple and resistance thermometers 


ion of the regular mechanics who have worked intimately incorrectly installed are prolific sources of mislead 


with the men. The opinions are collected singly and aver results. The “double reverse” may be good football s 


aged so as to avoid personal bias as far as possible. The egy but it makes a poor thermocouple hook-up, and it 


ratings are based on ten items, and to remain, a man happened more often than it should. It takes a trained 


must be “average” or better, when the individual items man to trace out trouble in such a circuit. Incorrect r 


are evaluated. Fig. 5 shows the gen 
eral appearance of a rating report, 
TO BE USED FOR SEMI-ANNUAL CHECK-UP 


RATING GUIDE 


when the field men have been con 
sulted. 

The above valuations are expres- A B c D E 
sions of opinion founded on observa Characteristics —-* nasty anon ra Fried } 
tion, as guided by the check-list ae pokes dest) ce 
shown in Fig. 6 (for which we do Quite meee per 
not claim originality: something like Interest in Work Enthusiastic Interested Interest Interest Disint 
it is generally used in personne! Exceptionally Good 
work). Application Industrious Worker Steady Erratic I 

All of this rating must be tem Ability to Learn Pe yoy pod Apt Real, Slow to Learn De 


pered with thought of the type of 


Self-reliance 


Excellent 


Self-reliant 


Confident 


Lacks 
Confidence 


work being done by the man, as well 


as the characteristics of the man Exceptionally 
. . . Accurac Accurate Acc ate Average é é Careles 
himself. Some men get along or ota wi carr sahacis paneer - 
“click”’ better with certain foremen Exceptionally 

‘ Speed Rapid Rapid Average Slow Very Slow 
than other men of equal or greater 
ability, and this fact must be taken Reliability ‘Teustwotths Retishin Satisfactory — anal 


into account. Final judgment must = | 


also evaluate the type of instrument Initiative Excellent Good Fair Poor Initiative 
man likely to result from the train Exceptionally Good Lacks 
Judgment Good Common Sense Ordinary Judgment Ras 


ing of the individual; will he be best 
as trouble-shooter, will routine be 
his forte, or should he be placed at 


Well 


Behaved 


Too Talkativ 


Conduct Exceptional Gentlemanly Troublesome 


detail repair such as_on the electri Fj 
“ ig. 6 

eal bench? 

tion of cold junction compensation and the cold junction: 

of multi-point indicating potentiometer systems is 

other place where a man who does not know the func 

mentals of the circuit can be badly fooled. And, in | 

metering of fluid flow, many a correctly designed orit 

is installed so badly that correct readings or control « 

not result. 

We believe that a properly supervised group of train 
instrument mechanics will yield a return on their pa) 
excess of that normally expected from an equal amo! 
otherwise invested. 


CONCLUSIONS 


Pressure of economic necessity is the force behind the 
establishment of such courses as described above. With 
the continued expansion in the use of instruments we are 
of the opinion that the same force will bring about the 
fulfillment of the prediction made by Béhar im the pref- 
ace to his book, Fundamentals of Instrumentation: 

I foresee instrument courses in the majority of technical 
schools, chairs of Instrumentation in universities, a nation-wide 
or international society 
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» Cathode-ray Oscillograph and Its Applications” t 


veing published serially in Jnstruments 


the July 135 issue 


é thode - -ray Oscillograph Applications 


By RALPH R. BATCHER 


Radio engineer; cathode-ray and electronic application specialist, Hollis, L. I., N. Y. 


RADIO APPARATUS TESTING 
LABORATORY TESTS| 


| reputation which any make of modern receiver 
ean build up depends largely upon the selectivity, sensi 
tivity and fidelity of its various models, not only when 
‘but throughout their normal life. Service technicians 
must be able to make adjustments on the resonance cir 
cuits when necessary, to reéstablish any of those factors 


new | 


that have become altered. Since even small changes in 
the selectivity curves produce marked changes in the 
fidelity, the solution is complicated unless oscillographic 
equipment is at hand. 
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OVERALL RECEIVER TESTS 


The various test methods that have been used in de- 
laboratories differ mainly in the amount and type 
of auxiliary equipment required. Examples are: 1. A 
general check, as shown in Fig. The radio-frequency 
oscillator (A) is set at some frequency within the range 
of the receiver (B). This input signal is modulated at a 
definite degree with a low-frequency signal, say from 60 
to 200 eyeles. At the same time a motor-driven vernier 
capacitor (C) is connected across the main tuning con 
denser of (A) and varies the output frequency by ap 
proximately 15 kilocycles. This same motor also controls 
the interlock circuit of the time base (E) to provide a 
horizontal deflection of the linear type that is synchro 
nized with the rotations of the capacitor (C). This set-up 
simulates the received signal and produces an oscillogram 
of the selectivity curve of the entire set. Variations of 
this arrangement will be described in later sections. 

2. A similar test is obtained by modulating the output 
frequency of (A) by an audio fre quency Matted from 
a beat fre quency oscillator. The capacitor (C) in this 
case controls the frequency of the beat frequency yer 
lator, as in Fig. 2, over the normal audible range. 

3. Other tests deal with the selectivity of the inter- 
mediate-frequency stages of the set only, but the scheme 
and the equipment are essentially the same. 


P n F, Rider. The Cathode-ray Tube at Work. Rider Publishing 
v York, 1935, 


eck. Photographic von Stromcurven. (Shows motor-driven time 


innalen der Physik & Chemie, Vol. 69, 1899, pages 838-853. 


ht. Visual Test Device (Frequency response curves). Proceed- 


the Institute of Radio Engineers, Vol. 22, 1934, pages 89-92. 


In each of these tests the cathode-ray tube has its 
horizontal plates connected to the synchronized time 
base, and its vertical plates to leads shunting the normal 
output load of the second detector tube as hereinafter 
described. It is necessary that the horizontal deflection 
be calibrated in terms of the side band frequency. 

For visual indications of the resonance curve of other 
r-f. circuits, or to measure capacity, inductance, or trans 
former characteristics a circuit similar to Fig. 1b is sug 
gested. The effect of adjustments on any portion of the 
circuit under test is immediately apparent on the oscil 
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Fig. 2 


In any of these systems, by moving the horizontal axis 
to the lower edge of the screen, the contour of the upper 
portion can be made to simulate the usual resonance 
curve. It is not difficult then to superpose two distinct 
curves, either by a synchronously operated switch or by 
manipulation. In this way the audio amplifier curve dur 
ing one revolution can be compared with an overall curve 
during the next revolution, by the expedient of switching 
the beat oscillator on alternate revolutions from the audio 
input to the modulator input of the r-f. oscillator. The 
two superposed figures are readily distinguished unless 
they are essentially alike. Repeating such a test at sev 
eral other wavelengths gives in a few minutes a com 
plete analysis of a receiver's characteristics and so is 
useful in production tests. 


VIBRATING CAPACITY MODULATOR 


The best-known substitute appearing recently on the 


market for the synchronous motor-driven capacitor used 


for frequency modulation is the vibrating capacitor driven 
by a tuned reed, resonant with the power line frequency. 


Such a vibration may attain amplitudes as great as one 


half inch and capacity variations of 30yuf. can be ob 
tained. This capacity is varied in exact synchronism 
with the power line, so that the latter can be used either 
for the sinusoidal time base, connecting to the deflection 
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plates through a suitable transformer, or else to syn- 
chronize the frequency of a linear time base if the latter 
is preferred, as in Fig. 8. 

This arrangement may have certain advantages over 
the motor-driven type, as the increasing and receding 
capacity curves are exact duplicates, and it eliminates 
the need for a linear sweep, permitting less intricate and 
less expensive oscillographic outfits. 


VACUUM TUBE CHARACTERISTICS 

Either the static or the dynamic characteristic curves 
of an electron tube can be delineated directly on the 
screen. Used as an exploring tool in analyzing operating 
conditions under different controlling factors, the cath 
ode-ray tube has proved of great utility, in that it shows 
the whole curve directly and eliminates the slower point 
by-point recording methods. In fact, a whole family of 
curves can be superposed together with a delineation of 
the two axes, each particular curve representing a par 
ticular set of operating voltages. With appropriate 
switching methods (often motor-driven) such a series 
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Fig. 12 


can be reproduced in full in a fraction of a second and 
so can be repeated again and again so as to permit leis 
urely analysis visually or photographically. If desired, 
any portion of the curve can be magnified by amplifica- 
tion so as to show up secondary emission kinks, and other 
abnormalities which are not always so apparent with the 
step-by-step recording methods with instruments. 

In general the problem is attacked by utilizing stand 
ard vacuum-tube test circuits to the oscillographic type 
of indicator. A typical arrangement is shown in Fig. 12. 
In these tests and others devised for the study of other 
characteristics of the tubes, the oscillograph is connected 
to read voltage and current as necessary. 

The oscillographic indicator is particularly useful in 
production tests on vacuum tubes. It is inherently less 
accurate than a precision instrument, but operators some 
times tend to anticipate final readings of the instruments 
by noting the initial acceleration of the pointer, rather 
than awaiting the completion of its swing in order to 
save time. Since a cathode-ray tube records instantly, 
accurate results are obtained in such tests if the asso 
ciated equipment is carefully designed to eliminate op 
erating voltage variations. By using photocell alarms 
and opaque screen shields, audible alarms can supple 
ment visual indications. 


FILTER CAPACITORS 

High-voltage paper filter capacitors must be tested 
individually in production. Generally speaking, the ca 
pacitive values run within close enough limits so that a 
test of this characteristic is of minor importance. The 
ordinary test, wherein the capacitor is subjected for a 
short interval to a voltage sufficient to break down weak 
units, has been found to be inadequate in certain cases. 

Investigations indicate that a more effective test is to 
determine the point where the power factor of the unit 
starts to increase rapidly as the applied a-c. voltage is 
increased at a constant rate. This test discloses capaci- 
tors having a high resistance and also capacitors having 
ionizable air bubbles within the layers, which have an 
important bearing on the service life. If a capacitor is 
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used in a circuit at a voltage much higher tha t 
which the power factor starts to climb, it will py» bably 
have a short life. This test need not be destr I; 
one case, a number of similar units were assem} 
single bank, but the individual units were used ; ff 
ent voltages. It was found that those units test iol 
in power factor could be assembled so that t! 4 
used at a lower voltage. The main advantage 
rapid test is that the effect of variations in pr —_ 
processes are immediately noted. 

It is desirable that manual adjustments be r: lt 
a single manipulation. To eliminate the need for alan 
ing the capacitance value, a method is required rein 
the capacitive variations encountered in produ id 
not affect the result. In the circuit shown in | 










































ws me 
ISS HN. WINDING 
POWER 
"VARIAC" —— 1\ 
. ms | a 
|] | 
‘Ls | 
60% == 
i ig. 13 
| 
ce | 
60n — 
Fig. 14 


straight line will appear (diagonally) across the scree1 
when capacitors with equal phase angles are connected 
The slope of this line depends upon their relative ca 
pacitances. If the power factor in one unit changes fast: 
than that in the other, an ellipse is formed which is ana 
lyzed in the usual manner. : 

Inasmuch as the voltage to the deflection circuit 
creases at the same rate that the test voltage increases. 
the screen diagram would normally increase in size an¢ 
might after an interval exceed the diameter of the screen 
The phase difference in this case can be based on 
minor axis of the ellipse, should the power factors of | 
capacitors differ. To simplify this determination, 
desirable to compensate for the normal increase in 
size of the ellipse, due to the increase in voltage. Th: 
method used in Fig. 13 is to increase the anode voltag 
to the cathode-ray tube proportionally with the increas 
in the voltage applied to the capacitors. However, wil 


} 


some types of cathode-ray tube designs, it is difficult t 
keep the spot focused as the anode voltage is varied 
a range of several to one. 

The circuit shown in Fig. 13 uses a special trans 
former supplying power to the test circuit bridge, an 
the high voltage to the cathode-ray tube power-supp]} 


rectifier tube. These voltages are varied togeth 
some device (such as a “Variac’) in the prima 
cuit. 

It also is possible to provide a capacity shunt 
deflection plate circuit which can be controlled 
same operation that controls the voltage to th 1g 
One arrangement, shown in Fig. 14, decreases 
age applied to the deflection plates at the same t 
the test voltage is increased. 

The actual capacity bridge used in these tests | 
the usual precautions as to stray fields, losses 


Continued « 








Oscillography 


a 
i fer enth instalment of “Electrical Measurements and Control.’ This series begat 
et a t (see editorial page of November 1933 issue) “All rights Bian by the authors 
tl vere 

By PERRY A. BORDEN and M. . BEHAR 
xg la Member A.1.E.E Editor, /nstruments 
p! tior 
6. Electromagnetic Class | 

re 1 t ’ 
A (Continued) 
or in 
d wherein (c) Re presentativ e Electromagnetic Oscillographs 
luction do The design and construction of a number of representative oscillographs 
Fig. 13, a made apparent from examination of Figs. 49-27 to 49-36 
it, \ 
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lifficult yO! O~ then to a current-recording position, in rapid suc- 
a he J cession. The resistance from 100 to 50 is used so 
aried over vA ant a ( Sw. that the distributor does not open up the whole 110 METALS, Inc 

, 10°~ volts, but less than 10 volts. The distributor must be 
Fuse; ) connected so as to shift from one circuit to the other . 
ia] trans e) for each shift of the mirrors (four times per revolu- 
5 $ § 500 4yV. tion when four mirrors are used, rotating 300 or | 
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Volts . Name 
49-27 shows the Westinghouse multi-element oscillograph: Fig. 49-28 Company 

sr es t Vestinghouse “Osiso” which has only one element. Fig. 49-29 is a dia Street 
es showing how the Osiso may be used to exhibit curves of two concur . 
do henomena, a rapid switching action serving to connect the vibrator altet — 


INSTRUMENTS 


January 1937—-Page 2] 








The Burling 
HEAT CONTROL 





Has: 
SIMPLICITY 
ACCURACY 
ADAPTABILITY 
LOW FIRST COST 
PERFORMANCE 


MODEL D 


Normal temperatures 50-1400° F 
Mechanism not injured by excessive 
heat. Adjustable range made to 
suit. Snap action switches rated 10 
Amps, 110 Volts A. C. 

Control very delicate, if required 
Send us your inguiry. The answer 
will interest you. 


Burling instrumentCompany 


239-243 Springfield Ave. Newark, N. 





Do you know 
your vacuum? 





Let the TRU-VAC gauge tell 
you—accurately—continuously. 
Records pressures from O0— 
10,000 microns. Invaluable in 
processes requiring dependable 
knowledge of vacuum condi- 
tions. 


Its numerous advantages are 
outlined in our bulletin TV2, 
gladly sent upon request. 


CONTINENTAL ELECTRIC CO. 


Geneva, Illinois 
PHOTOCELLS VACUUM SWITCHES 
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Fig. 49-32 














the two magnitudes under investigation and the individual curves 
each other on the screen with such rapidity that, owing to the per 
vision, the observer gains the impression of seeing the two waves 
; usly. 
F 1-30 is a view of the General Electric general-purpose oscillograph, 
with a view to extreme flexibility in power plant and laboratory 
- corresponding portable instrument is shown in Fig. 49-31 which 
the device set up for obtaining records with standard Kodak film. 
automatic oscillograph, Fig. 49-32, particularly adapted for per 
installation, can take as many 100 oscillograms of chance transients 


- 


r system without attention. Its records are traced directly on sen 
iper, of which a 200-foot roll is loaded at one time. This instrument 
omatically start recording within a quarter-cycle of a 60-cycle wave 

initiation ot the transient of which it is desired to obtain a record. 
particular application in the location of faults on transmission lines, 
mits identifying damaged insulaters with'n a few minutes after the 
ce of flashovers. 





Fig. 49-33 





Fig. 49-34 


Siemens general-purpose oscillograph, with six elements is shown in 
)-33 

49-34 shows a Cambridge oscillograph equipped with three elements 
> permanent-magnet type, one side being opened up to expose the inter 
rangements and the galvanometers being drawn out at the right to bring 














MOISTURE 
Content by Drying 


The Moisture Teller illustrated 


above will dry 50 gram test samples 


at the rate of one per minute. Lest 

, : ; 
samples are weighed before and 
after drying to obtain moisture cor 


tent in percentage 
Suitable for all granular, fabric, 
crystalline and fibrous materials 


Rapid and accurate moisture test 
f } ] } 
for either laboratory o1 shop mois 
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ture control 
Write for Literature 


Harry W. Dietert Co. 


9330 Roselawn Avenue 


Detroit, Michigan 




















DU MONT OSCILLOGRAPHS 


Incorporate Many Advance 
Features of Design @@@ 





Du Mont manufactures the most complete line 
of Cathode Ray Oscillographs. Models available 
using 3, 5 and 9 inch cathode ray tubes. Also 
an Electronic Switch and other accessory equip- 
ment including a complete line of Cathode Ray 
and Sweep Discharge Tubes 

These products are in the sixth year of suc- 
cessful manufacture. Every Cathode Ray Tube 
used by Du Mont is engineered aud manu- 
factured in the Du Mont Laboratories. Write 
Dept. X3 for detailed information. 


Allen B. Du Mont Laboratories 
INCORPORATED 
UPPER MONTCLAIR, WN. J., US.A 
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HOPPLER | 
VISCOSIMETER 











MODEL 
B 





For determining 
the ABSOLUTI 
viscosity of gases, 
oils, grease, var 
nishes, viscous tars 
” syrups, accord- . 
ing to the iin 








FALLING BALL PRINCIPLE 


Direct readings in Centipoises (or centistokes) 

Small sample (30 cc.) required. Results Con- 
sistent and reproducible. 

Range: From 0.01 to 1,000,000 Centipoises 

Accuracy: +90.01% to 0.5% 


Difference in viscosity between distilled and tap 
water can even be measured 


? iy , 7 * si , " ; 
bubietimn 11 IL avaiable nm reques 


When requesting detailed information, state 
range of measurements required. 


Available at leading laboratory supply dealers 





FISH-SCHURMAN CORPORATION, U. S. Aqents 
250 East 43rd Street, New York 





Fig. 49-36 : 


them into view. Fig. 49-35 illustrates a complete assembly of a Cambridg 
twelve-filament string galvanometer, showing the lamp, the optical system, anc 
the film or bromide-paper drums, of which there are two. The galvanomete 
similar to that shown in Fig. 49-20, is contained in the box in the center. This 
form of oscillograph finds a particular application in geophysical propecti! 
by the sound-reflection method, and in military sound-ranging. 
In contrast to the modern forms of oscillographs shown in the foreg 

illustrations, Fig. 49-36 shows (for the first time, to the authors’ knowledge) 


INSTRUMENTS a more or less “home-made” oscillograph used in studies of the generat 
Can’t Go Wrong With during installation in one of the Niagara Falls power houses in 1905 


history-making instrument was used directly connected to the high-tens 


TRUFLEX BIMETAL circuits and, despite the handicaps of its construction, provided satisfa 
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Every piece of Truflex built into your | record of voltage wave-forms. To be cont 
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IN; TRUMENTATION FORUM 


PROBLEMS —SOLUTIONS— DISCUSSIONS 





PROBLEM No. 1 


(As published in November issue ) 


“We wish to measure the flow of 
liquid in our waste water lines and 
to secure a sample of that liquid in 
proportion to the amount of flow 
through the line. 


“The liquid varies in composition, 
being mainly water carrying small 
quantities of sugar, soda, acid and 
other impurities. 

“The flow varies from practically 
zero to 500 gallons per minute. (For 
this reason, any method employing 
weir boxes would not be practical.)” 





DISCUSSIONS & SOLUTIONS 
By H. J. WILMARTH 


Ihe problem as put is definitely am- 
biguous, and at least four basic cases 
must be considered. 

(a) Continuous registration of the flow 
and continuous delivery of the propor- 
tional sample. 

(b) Continuous registration of flow, 
and delivery at intervals long compared 
to the period between a flow maximum 
ind its preceding or succeeding mini- 
mum of an accumulated proportional 
sample for purposes of analysis or loss 
estimation. 

(c) A cumulative or smoothed-out 
registration of flow and a continuous 
proportional sample. 

(d) A smoothed-out registration of 
flow and a cumulative proportional 
sample. 

\ really correct choice of instruments 
must depend on the type of flow (open 
ditch, piped under pressure, piped under 
vacuum, etc), the temperature of the 
liquid, the period between a flow maxi 
mum and the succeeding or preceding 
minimum, and other factors. In the dis- 
cussion to follow, it is explicitly assumed 
that the liquid is near room tempera 
ture, piped under pressure, and that a 
time of at least a minute elapses between 
it flow maximum and the preceding or 
succeeding minimum. Open ditch flow 
can be pumped or lumped. The four 
cases will be discussed in the order of 
their simplicity, commencing with (d). 

In case (d), the procedure is obvious- 
ly to lead the fiow into a weir box 
equipped with a level meter and a pro- 
portional sampler. The latter can be ob 
tained from the Thwing Instrument Co. 
but must be calculated for the individ- 
ual weir to be really accurate. 

lor case (b), 1 should recommend a 
series of conventional flowmeters, each 
by-passed by a magnetically or air- 
operated open and shut valve. The series 
of meters would commence with meter 
|, sufficiently sensitive to measure the 
smallest flow, followed by meter B, of 
such sensitivity that the maximum read- 
ing of meter 4 would come at the low 
end of the useful scale of B, and so on 
until the last meter was large enough to 
e the maximum flow. The greater 

‘sired accuracy of the whole system, 
ore meters are necessary. The by- 
: ilves are actuated from the meters 
II s way: When meter 4 reaches its 
ium reading, the by-pass around it 
ipped open. Similarly, as the flow 


increases the by-passes around B, C, etc., 
open as each meter reaches its maximum 
reading. As the flow again decreases, 
the by-pass across meter C is closed 
when meter D reaches the low end of 
its useful scale, and similarly those 
across B and A at the proper time. With 
this system, if the flow is within the 
range of meter B, for instance, meter 
A is automatically by-passed, and meter 
C is below its useful scale. The flow 
record must be assembled from the com- 
bined meter readings, but no single in- 
strument available could have the neces- 
sary precision (0.01%). All the neces- 
sary equipment is entirely standard. 
The proportional sample would be taken 
in a weir box as above. 

For case (a), I should recommend a 
positive displacement meter (a metering 
pump reversed) coupled to a cumula- 
tive reset type tachometer, or to two or 
three such instruments of different 
ranges (they are not damaged by over- 
running if the proper type is procured). 
The friction load of the metering pump 
can be taken up by a low variable-speed, 
constant-torque motor (an ordinary 
squirrel-cage induction motor with the 
bars taken out of the armature and a 
suitable field resistance or auto-trans 
former). The proportional sample is de- 
livered from a _second—much smaller 
metering pump driven from the reversed 
main pump. 

I am not familiar with all the sources 
of such equipment, but the De Laval 
Steam Turbine Co. builds metering 
pumps (as do the people who build 
gasoline dispensing pumps), and R. W. 
Cramer & Co. are agents for the excel- 
lent Hasler Tachometers. 

The solution to case (c) is probably 
included in the solution of case (a) given 
above. 


SOLUTION 
By V. H. HIERMEIER 


Use an ordinary ratio flow control 
having two separate mercury U-tubes 
with both differential pens recording on 
the same chart, one pen reading from 
zero to 250 g.p.m., that is, to center of 
chart (low range—see sketch), the other 
in outer zone of chart, 250 to 500 g.p.m. 
maximum (high range). 

Place both orifice plates in the main 
flow line (Note: This is contrary to the 











Kurman 
OFFERS 
2 New x 
Bt. 
Sensitive 


Relays 








1C 

SENSITIVE 

14 Milliwatts for positive operation. 
ADJUSTABLE 

Pull up—drop out—speed. 
DROP OUT 

From 50 to 85% of pull. 
CONTACTS 

Fine silver—114 amps 110 V. A.C. 
RANGE 

.0005 V. 25 amps -to- 20 V. .00065 amps. 
FEATURES 


1C—Wide contact separation. 
2C—Speed .001 seconds. 
RUGGED 
Some customers report 4 years continu- 
ous satisfactory operation. 


° 
Kurman Electric Co., Inc. 
241 Lafayette Street, New York City 








What the modern temperature re- 
corder is to the common thermometer 


—So is the new HAYS 


PYCNOGRAPH 


(SPECIFIC GRAVITY RECORDER) 


to the common hydrometer. 
7 3 





The front portion of the Pycnograph is a 
square-case round-chart recorder. The meas- 
uring section, built of corrosion-resistant ma- 
terials, operates on the simple, precise prin- 
ciple of the chemist’s balance. Working range 
5° Baumé and up. Can be used successfully 
for practically any liquid which will flow 
freely. 
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Rawson 
Twin Multimeter 





29 ranges in less space than any near 
equivalent combination— 


size 12” x8" x6 


RANGE OF MEASUREMENTS 

re to 1 ampere 

<U I to 1000 volts 

A.( up to 2006 
> milliamperes to 3 amperes 
) millivolts to 1000 volts 


List Price $165.00 


The Rawson measuring instruments are the 
only ones having two pivot movements whose 
weight is lifted from jewels when clamped for 
transit. Electrical clamping does not accom- 
plish this purpose. 


D.4 1 microampe 


order 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


110 POTTER ST. CAMBRIDGE, MASS 
Branch: 91 Seventh Ave., New York City 


Representative: E. N. Webber 
Washington Bivd., Chicago, Ill 


Special apparatus built to 
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Without opening circuit to insert an am- 
meter you can measure alternating current 


by using a R UW B I C ON 





SPLIT CORE 
TEST SET 


Highly useful in checking motors 
and other devices for load, perform- 
ance and phase balance without in- 


terfering with operation Simple, 
accurate and inexpensive. Ranges 
to 1000 amps 

Send for Bulletin No. 180. 


RUBICON COMPANY 


Electrical Makers 
29 North Sixth St. Philadelphia, Pa. 


Instrument 





INSTRUMENTS 
Page 26—-Vol. 10 





DRAIN POT 
4 


AIR REDVCER~ 
STRRAINE 





i 


J re a 

bad + b4-++-14 i 4 ay ree 

! | = | 
| 


AIRS UPPLY 


| 


™ oGcPem. Z 
na BARE ue Saiki 2? ssn: ats 
Sect CORIO ae 
set-up for a standard ratio flow con 
trol) at least five feet from each other 


so that the turbulence set up by one will 
not affect the other. The first orifice will 
he of suitable care for the low 
range; the other will be larger to care 
for the high range. It may be necessary 
to increase the line for several feet 
at the second orifice as there are certain 
limits in line and orifice 
to insure readings. 


size to 


size 
ratios between 
sizes, correct 

Tap a sampling line several feet below 
the last orifice. In this line install an air 
operated, reverse-acting diaphragm valve 
of suitable determined by the 
amount of liquid required for sampling. 
The discharge of this valve to be piped 


size, 


to any container having ample capacity 


The pressure on this vessel must be held 
constant so as to maintain the same 
amount of back pressure at all times, on 
the discharge of the control valve. If the 
back pressure be allowed to vary, the 
flow through the control valve will 


change accordingly, independently of the 
control instrument. Therefore, it is ad 
vised that the sampling vessel be open 
to the atmosphere, if possible, and that 
the sampling line enter near the top. So 
that the head in the line re 
mains the same, regardless of the level in 
the sampling sketch) with 
zero flow the set at the 
closed position with zero pressure on the 
diaphragm valve. 
range 


discharge 
vessel (see 
control valve is 
\s the pen on the low 
tends to travel out to its maximum 
as the flow the air 
flapper valve in the instrument so as to 
build air the diaphragm 
valve, thus opening it a corresponding 
amount. The pen continues to travel to 
its maximum or 250 g.p.m. At this point 
the mercury preventing any 
further action outward on the 
instrument. Since the float in 
instrument is set to start at this 
point, it will immediately take up the 
flow recording, carrying with it the flap 
per valve, thus continuing to build pres 
sure on the diaphragm valve, which will 
in turn continue to open, sampling more 
liquid. 
Now, 
range 
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SOLUTION 

By GEORGE W. STICKLI 
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effective device for 
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the quantity of flow. 
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SOLUTION 

By E. J. SCHEIBER 
is stated that a weir is hardly 
-; nevertheless, after starting with 
legree triangular weir in a 3’ X 
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doing this, an equalizing line may be put 
between the high- and low-pressure taps. 
In using the flowmeter the constant 
must be corrected for the mercury dis 
placement by the water; or 
Q=1.0593 H where Q is g.p.m 


= } ¢— “ 
| and H in inches of water. 
. Weir must be at least 113,” 
(4 ? deep to pass 500 g.p.m. 
The weir box with the dimen- 


sions shown will have a_ velocity 
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ELEVATION Pliiieaees To Sampling Bottle 


Sliding Sheet, to Vary Width of Shits 
depending on amount required in 24 hr. 
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SAMPLE COLLECTOR_ 


3’ & 10' baffled box and working through, 
it seems the only suitable method. 

@ = 143 H°/: in ft.-sec. units (Coeffi- 
cient of contraction taken into account). 

in gals. per minute 1.284 H°/: 
where H is in inches. 

Plotted on log. paper with slope of 0.4, 
if Y is on horizontal axis and H on ver- 
tical axis. 

The instrument to measure the varying 
height of the water to be a 20” record- 
ing flowmeter: Low-pressure tap open 
to atmosphere and high-pressure tap on 
level with the vertex of the weir; also 
the normal mercury level in the instru 
ment must not be above the level of the 
weir vertex and not more than 4” below. 
The high-pressure tap to be placed 30” 
ahead of the weir. After installation the 
pen-arm must be adjusted for zero when 
the liquid in the weir box is at the level 
of the weir vertex. However, instead of 


flow of less than 1 ft. per second or 
ft. of head: to eliminate this small error 
if so desired, the pipe from the high 
pressure side of the meter to be turned 
against the direction of flow. 

The sample collector’s distance out 
from the weir for the distance below has 
been calculated, in the sketch shown. The 
collector is a triangular box, having slits 
at the top upon which the flow falls. The 
width of these slits should be variable in 
order for the required amount of sample 
to be obtained during a specific time. 

Another method of obtaining a sample 
in proportion to flow, although not ac 
curate at times of small flow, would be 
by putting an orifice plate in the pipe 
carrying the liquid to the weir box: then 
use the differential caused by the orifice 
plate to operate a control valve in a line 
from the above pipe to the sample bottle. 


DISCUSSION 
By L. A. TROFIMOV 


In my opinion the statement of the 
problem of continuous proportional sam- 
pling of a liquid is incomplete. For in 
stance it is said “measure the flow of the 
liquid.” Is it the rate of flow or is it a 
total amount at a certain interval of 
time? Next, “to secure a sample.” How 
large a sample? How often should it be 
secured? The answers to these questions 





Problem No. 3 Subject Index 8 
Oxygen Reaction Rate 


“We are doing some experimental 
work in which we heat a tube to 
1800° or 2400°F. while passing oxy- 
gen through it. We would like to 
obtain an apparatus which would 
allow us to close the tube and meas- 


ure accurately the rate at which the 
oxygen (1—1,000 cc.) reacts with 
the inside of the tube. The increase 
in temperature inside the tube de- 
mands that the apparatus be able to 
take up the increased pressure.” 


This came from a well-known firm which 
makes (among many other products) house 
hold electric heating devices. 


“ive dollars will be paid for every solution (or critical discussion clearly 
inting the way to a solution) which is accepted for publication. Address 
strumentation Forum, 1121 Wolfendale St., Pittsburgh, Pa. Do not write on 

coth sides of paper. Draw diagrams clearly, in black ink. Mail before Febru- 
y 15. Solutions and discussions accepted will appear in March 1937 issue. 





SHALLCROSS 


Instrument Switches 
TYPE 530 


Single and Double Deck 





The 530 Instrument Switch has 
been designed to provide a high 
grade, inexpensive rotary switch of 
many contact points, to be used in 
instrument circuits for the selec- 
tion of ranges, tapping resistances, 
transformers, laboratory test equip 
ment and many other uses. 

Write for Bulletin 90-HA_ for 
details and _ prices. 


IS]HALLCROSS MFG. COMPANY 


Electucal Measuring Instruments 
and Accurale Resistors 
10 Jackson Ave. 
COLLINGDALE, PA. 























THE SIGMA 
SENSITIVE RELAY 


‘Gy TS ss 
A IngrRuMEN'”’, 
\Monr, massacn’** 


> 





Jewelled movement. Balanced to op- 
erate in any position. Positive oper- 
ation on 4 milliwatts, D.C. Single 
pole, double throw. Mounts in stand- 
ard 5-prong tube socket. 


A useful adjunct to 


V.T. controls 
Supervisory and alarm circuits 
Signalling 


LIST PRICE, $10.00 


SIGMA INSTRUMENTS, INC. 


388 Trapelo Road Belmont, Massachusetts 
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HARDNESS 
TESTING... 


done WITH NO MENTAL HAZARDS. 
The SCLEROSCOPE has done it for 
the past 29 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 
inexpensive. 


Illustrated 
bulletins 
free. 





The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Avenue, Jamaica, N.Y. 








“ALNOR” 
VELOMETER 


(Boyle System) 
Instantaneous 
Direct Reading 
Air Velocity Meter 
20-feet to 6000-feet 
per minute 
Write for Bulletin 


Illinois Testing 


Laboratories 


Incorporated 
142 W. Austin Avenue 
Chicage, Iilinels 











Surface Temperatures 









Fiat “ ” 
Stationary The “Alnor 

or 

Moving Combination Pyrocon 
Curved 

Surfaces 


Ideal for rolls, molds, 
plates, platens and 
plastic material temper- 
atures. 
Write for bulletin. 


Iinois Testing Laboratories, Inc. 
142 W. Austin Ave. Chicago, Illinois 














20 mm. or 0.5 u 


High vacuua or 
accurate gas pressure. 









Electric Vacuum Gauge 


(Pirani type) 


folder on request 


WINSLOW 
ENGIN ERING CO. 
200 Pennsylvania Ave., Hillside, N. J. 








Required Readin g 


FUNDAMENTALS OF 
INSTRUMENTATION 


The first treatment 
of “Robot” Control 
$2.00 Postpaid 
INSTRUMENTS PUBLISHING CO. 
1117 Wolfendale St. Pittsburgh, Pa. 
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are important because they decide what 
physical principle can be used for the 
solution. 

Another trouble is that there is no defi 
nite statement of the need. Probably (but 
not certainly) the need is: “To know 
how much sugar is lost in the waste 
water.” 

In my experience in collecting infor 
mation on a problem, I have found that 
some plan must be used in order to se- 
cure sufficient information with the least 
effort and in the shortest time. I suggest 
that the information on each problem 
that will be given by this Forum comply 
with the following plan: 

First, give all the qualitative require 
ments for solution; such as visual indi 
cation, graphic record, signaling, con 
tinuous proportional, ete. The first two 
paragraphs of information on Problem 1 
were of the qualitative nature. 


Next give the quantitative require- 





ments such as how large a samp 
tion of the flow, accuracy of py 
ment, cost of the device, etc 4 
that can be expressed in numbe 
be given here. The third paragr 
of the quantitative nature. 

Give time-involving requireme 
often must the sample be taker 
device in continuous operation 
night, ete. ? 

Give space requirement 
much room is available for th 
How far is the meter from the ; 
ing station? 

And now, the human element 
ments: Who is going to use the 
ing device? An experienced ins! 
man or an inexperienced individ 

If your inquirer had given yo 
plete information and if you had } 
it systematically according to th 
outlined above, I believe that | 
have sent in a possible solution 


also 





QUESTIONS 


Pwr: FO s 


DATA r-4 


& ANSWERS 


i = 


INSTRUMENTS receives a constant stream of questions, and answers most of them im 
mediately. A selection of Q&A's, of general interest to most subscribers, and involving 
subjects which are NOT dealt with in readily-accessible sources, will be printed every 
month in this Department. Many of our immediate answers, no doubt, are incomplete; and 
we shall be pleased to print additional answers from readers in position to know methods 
and devices which have not come to our notice. One dollar will be paid for each supple- 


mentary answer printed in this Department. 





Explosion Pressures 


Question No. 7 Subject Index 2.04 


“Are there any instruments on the 
market, suitable for recording explosion 
pressures, along the barrels of firearms? 
These are of extremely small duration 
several milliseconds) and extremely high 
intensity (wp to 60,000 lbs./in.2).” 


A.—For recording powder-gas_ pres 
sure, the only commercially-available in 
strument seems to be that of Professor 
Thring, Cambridge, England, further de 
veloped—and sold—-by Dr. Hans Rumpff, 
Bonn, Germany. It utilizes the compres 
sion of a tube along its axis, transmitted 
by means of a concentric tube to a tiny 
mirror, the natural period of the system 
being 0.00002 sec. The recording is made 
photographically on a moving film, with 
a parallel timing record produced by 
1000-cycle oscillator. (See the British 
Textbook of Small Arms, 1929.) Another 
gun pressure recorder, utilizing a some 
what similar principle, was developed by 
the British Ordnance Research Ass’n 
(see Engineering, Vol. 134, Aug. 25, 
1932, pages 231-232). A third apparatus 
having this same purpose was described 
by J. Kirner in Forschungsarbeiten der 
V.D.I. No. 88, 1910. Kirner’s apparatus 
photographs on a moving film the 
spreading of the Newtonian interference 
rings produced by the compression of 
two convex lenses touching each other. 
Still another recorder uses the compres- 
sion of a piezoelectric crystal and a 
cathode-ray oscillograph. It has _ been 
made up for the proving grounds of 
several governments but we do not know 


that it is available commercially. The 
Petavel (English) recorder employs 
piston fitted into a hole bored throug! 
the chamber wall, its outed end bearing o1 
the center of an extremely stiff short ba: 
spring supported at its ends. A spot or 
the spring, polished to a mirror finish, 
reflects a light beam into a revolving 
drum camera. Another method, found i 
Glazebrook and recently proposed for 
cannon pressure recording by Major 
Marsh, Ord. Res., U.S.A., employs the 
effect of pressure upon the electrica 
conductivity of wires made of certait 
metals, platinum being one metal 
gives a usable curve. The editor of 
struments (a Major, Ord. Res., U.S.A 
finds that recent commercial develo} 
ments in the cathode-ray oscillogray 
make this instrument the preferabi: 
cording device, the initial pick-up bei 
either a piezoelectric crystal or 4 
resistance wire. 


SUPPLEMENTARY ANSWER 


Photocell Arrangement 
Question No. 2 Subject Index 


By F. LOEWENBERG 


Large light-sensitive surfaces 
formed by placing rectangular ¢ 
rows and mounting them either | 
allel or in series, depending up 
resistance in the external circuit 
rule, rectangular cells come wit 
strip of contact metal sprayed 
four sides. If uninterrupted surfac: 
required, however, these element 
also be furnished with the contact 
on two sides or on one side only 
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JOHANSSON GAGING SYSTEM 
SET No. 10 














Consists of 8 Blocks. They will make 
74 different-size gages in steps of 
one inch from minimum size of 10 inches to 84 
inches. ‘‘B’’ quality Gage Blocks have an accuracy 
of +.000008 inch per inch of length. These Gage 
Blocks are also sold individually, with or without 








een | ee - 
| FORD MOTOR COMPANY 
| Johansson Division, Dept. ! Dearborn, Michigan 
| Kindly furnish prices on these Johansson Gage Blocks: 
Complete Gaging System Set No. 10 with Case 
GAGE BLOCKS AND ACCESSORIES | 5 5.000” © 6.000” | 7.000” } 8.0007 
: | © 10.000” 1- 12.000” 16.000’’ ] 20.000’ 
Manufactured and serviced in the United States by | () With Case ~] Without Case 
| 
FORD MOTOR COMPANY ‘Bee ~< 
| ADD. 
Johansson Division Dearborn, Michigan 
STATE — 
i 


case. Your toolmakers and inspec- 
tors like to work with Johansson 
Gage Blocks because they are most con- 
venient to use. 

Check the sizes needed in your plant on the coupon 
below, and we will be glad to furnish you with prices. 








CATHODE-RAY OSCILLOGRAPH APPLICATIONS Continued from page 20 


capacity standards, losses due to shielding, etc. (One 
loss, however, is inherent with the cathode-ray tube de- 
flection circuit—that is, the load placed on the con 
densers due to the ionization currents across the deflec- 
tion plates. This loss may be considerable in the case of 
gas-focused cathode-ray tubes, and even in the case of 
hard tubes it should be accounted for. 


RADIO-FREQUENCY EFFICIENCY TESTS 
The efficiency of many radio-frequency devices can be 
determined without difficulty with cathode-ray equip 
ment. As an example, it may be desired to study the 
action of radio-frequency choke coils over some par- 
ticular range of frequencies. For many tests a compari 
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Fig. 15 Fig. 16 


















































of the effectiveness of two chokes may be desired, 
n other cases a choke is to be tested alone. In Fig. 
the deflection is directly proportional to the current 
ing through the choke. If desired, it may be com- 
d with the drop through a suitable resistance. It 
lly is desirable to make these tests on a bench rather 


to try to measure the effectiveness of a particular 


choke in the operating circuit itself, because of the 
shunting effects of the deflection plate circuit to ground. 
In the above arrangements no extra connections are 
placed across the choke, to avoid changing its natural 
period. 


HIGH-FREQUENCY RESISTANCE 


For a simple determination of the high-frequency re 
sistance or the “Q” of a tuned circuit, the arrangement 
of Fig. 16 is applicable. The circuit under test, tuned to 
resonance, is used as the resistor part of a rotator circuit, 
as heretofore described. After noting the shape of the 
ellipse, for given conditions, the tuned circuit is replaced 
by a variable resistor and the same figure duplicated. If 
a commutator or vibrating relay (a relay connected as a 
buzzer) is used to make this change rapidly, the two 
patterns will appear superimposed and the duplication 
is easily made. The actual resistance can be determined 
from the formula R=—L/Cr where L and C are in 
microhenries and microfarads and r is the resistance re- 
quired to produce an equivalent diagram. 


To be continued 





LET TROFIMOV 


Get you more pay and promotion on your present 
job through your own original ideas. Write for cata- 
log “1-11”, 3859 Northampton Road, Cleveland 
Heights, Ohio. 
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